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THREE LARGE CANTILEVER BRIDGES are to be 
commenced during the present year. The largest of these 
will be the bridge over the Mississippi River at Thebes, 
Ill, and Gray’s Point, Mo., connecting the Chicago & 
Eastern Hilinois R. R. with the St. Louis & Southwestern 
Ry., which at present exchange traffic by a car ferry. 
The channel span will be 671 ft. c. to c. of piers, with 
anchor arms of 520 ft. 2 ins. on the east and 521 ft. 2 ins. 
at the west. Shore spans of 320 ft. at the east and 51S ft. 
6 ins, at the west will connect the 600 ft. approaches, con- 
sisting of 45-ft. and 50-ft. concrete arches. It will be a 
double-track structure with a headway of 65 ft. above 
high water. The bridge will be built by the Illinois & 
Missouri Bridge Co., of which Mr. Alfred Noble and Mr. 
Ralph Modjeski, Mems. Am. Soc. C. E., are the engineers. 
The Wabash R. R. will carry its new Pittsburg extension 
into that city by a bridge over the Monongahela River, 
with a channel span of 812 ft. c. to c. of piers, with two 
anchor arms of 346 ft. The cantilever arms of the channel 
span are 220 ft. long, and the suspended span 360 ft. The 
same road will cross the Ohio River at Mingo Junction, O., 
by a very similar bridge, with a channel span of 700 ft., 
and anchor arms 290 ft. long. The American Bridge Co. 
has the contract for the superstructures of both bridges. 
They were designed by Boller & Hodge, of New York, and 
will both be double-track structures. Mr. J. W. Patterson, 
of Pittsburg, Pa., is Chief Engineer of the Pittsburg, Car- 
negie & Western R. R. and Pittsburg, Toledo & Western 
R. R., which form the Pennsylvania and Ohio parts of the 
new Wabash line. 
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A HIGH CONCRETE ARCH is to be built this season 
near Danville, Ill., to carry the Peoria Division of the 
“Big Four’’ R. R. over the North Fork of the Vermilion 
River. The railway is about 85 ft. above the bed of the 
river and it is stated that the arch will have a span of 
some 200 ft, 


— 


THE CAISSON FOR THE BROOKLYN TOWER of the 
Third East River Bridge was towed from the construc- 
tion yard at 151st St. and the Harlem River to its loca- 
tion at the foot of Washington St., Brooklyn, on March 
17, and work is now in progress preparatory to the sink- 
ing. This caisson is of wood, 144 x 78 ft. in plan and 
56.29 ft. deep. It will be surmounted by masonry tower 


foundations 58.21 ft. high, which will carry a steel tower 
325 ft. high. 


CONTRACTS FOR THE ST. LOUIS EXHIBITION of 
1903 have already been placed as follows, all the firms 
being located in St. Louis, Mo.: 1, electricity and ma- 
chinery building, Wm. Goldie & Sons Co., 604 Fullerton 
Building; 2, textiles building, Dunnavant & Estel, Fuller- 


‘ ton Building; 3, varied industries building, Rountree Con- 


struction Co., Mermod & Jaccard Building; 4, main trunk 
sewers, Hanley-Casey Co., exhibition grounds; 5, hand 
sewers, McIntyre & Teese, 5478 Easton Ave.; 6, waterway 
for changing the course of the Des Peres River, Rich Con- 
struction Co., 710 Roe Building. 


A NEW UNION RAILWAY STATION at Washington, 
D. C., is to be built at a cost of $5,000,000. The new sta- 
tion will be constructed of white marble and have a 
frontage of 700 ft. It will be located some distance 
northeast of the present Baltimore & Ohio R. R. station, 
and the various railways will connect through a tunnel 
under Capitol Hill and enter the station by a viaduct and 
elevated tracks. All grade crossings wil! be abolished. 


FOG SIGNAL EXPERIMENTS have been conducted for 
some time under the auspices of the English, Irish and 
Scottish light-house boards at St. Catherine's Point, on 
the Isle of Wight, with Lord Rayleigh as the chief scien- 
tific adviser. As a result of these experiments they found 
a low pitch best; and a siren with 9S vibrations to the 
second emitted a sound easily heard at more than 20 miles 
off the coast on calm days. Under the same conditions 
a siren of higher pitch was only heard 10 miles. With 
wind blowing in the wrong direction and a noisy sea, the 
low pitch only carried two miles, and the high pitch 
carried a little further. As already known to the Ameri- 
can light-house authorities, belts of silence were found 
not far from the fog-horn, with the sound audible beyond. 
Prof. Tyndall, 27 years ago, explained this silence as due 
to the interference of the sound waves issuing directly 
from the instrument with another set striking the surface 
of the water and being reflected upwards. The late ex- 
perimenters obtained little new light on this condition 
and found no remedy for it. The commission approves of 
a lately introduced trumpet, which is adjusted to point 
upwards, and has an inverted cone of metal placed cen- 
trally over the mouth in such manner that the sound 
waves are deflected and flow out horizontally on all sides. 
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DALNY, THE NEW RUSSIAN COMMERCIAL PORT in 
North China, says U. S. Consul H. B. Miller, of Ninch- 
wang, is on Talienwan Bay, on the eastern side of the 
Liaotung Peninsula, and 45 miles from Port Arthur. This 
harbor is free from ice and will admit ships of 30-ft. 
draft at low water, with a 12-ft. rise of tide. The Rus- 
sians are now constructing five large stone and concrete 
piers, from 60 to 100 ft. wide and 1,700 to 2,600 ft. long. 
On these piers will be railways, warehouses, elevators, 
etc. One of these piers was finished in July, 1901, and 
another will be ready this year. Two first-class dry-docks 
are also being built, capable of taking the largest war- 
ships. This port is to be absolutely free. 


THE MOST SERIOUS RAILWAY ACCIDENT of the 
week was a butting collision on the Pittsburg, Ft. Wayne 
& Chicago Ry., near Youngstown, O., on March 24. Four 
men were killed, it is reported, and a number of others 
injured. There was a heavy fog at the time of the wreck, 
but no direct cause for the collision is known.——On 
March 23 a northbound vestibuled limited train on the 
Southern Ry. ran into an obstruction produced by a 
landslide near Charlottesville, Va. Two men were killed 
and several dangerously injured. The wreck took fire and 
most of the contents of the mail car were destroyed. 


THE PITTSBURG FILTRATION. CONTRACT DECIS- 
ion, noted in our issue of March 20, will not be appealed 
from by the city. This is the decision of Mr. J. O. Brown, 
City Recorder (virtually mayor). Mr. Brown has issued 
an order for the preparation of complete plans and esti- 
mates for all the contemplated water supply improve- 
ments, to comply with the requirements of the charter, 
as laid down by the court. 


> 


A ROCK SLIDE in the New York Rapid Transit tunnel 
on March 21, in the neighborhood of 37th St. and Park 
Ave., resulted in the wrecking of several residences, the 
necessary shoring-up of other houses, and the filling in of 
the tunnel excavation on that side of Park Ave. for a con- 
siderable distance. The cause of the slip was the presence 
of a seam in the rock extending at an angle of about 45° 
rom the tunnel to and under the foundation of the houses 
effected. It is stated that the rock penetrated by the 
tunnel, to that point, was solid in appearance, and the 
presence of the mischief-making fissure was unknown 
until the damage was done. The existence of springs in 
the soil near 38th St. may have aggravated the trouble. 
The residents of that section lay the blame for the acci- 
dent upon the Rapid Transit Commission for locating that 
edge of the tunnel only 8 ft. outside the building line, in- 
stead of 20 ft. as was generally supposed by the property 
owners when they examined the original plans. But as 


the Commission has authority to change the plans at any 
time, this objection does not hold good. The danger-zone 
lies between Stth and 39th Sts.; and while the accident 
will cost money for damages and some delay in completing 
the tunnel through this section, the cause of the trouble is 
of a kind that could hardly have been foreseen or guarded 
against in underground work. 


THE ESTIMATES for the Street Cleaning Department 
of Greater New York for the current year make a grand 
total of $5,464,612. This includes the collection, removal 
and final disposition of garbage, ashes and rubbish, as 
well as street cleaning proper and disposal of the 
sweepings. ™ 


BIDS FOR GARBAGE DISPOSAL in the borough 
of Brooklyn, New York city, will be received by the De 


partment of Street Cleaning on April 15 The contract 
will be for five years from Sept. 1, 1902. The contractor 
must have a plant capable of handling 650 tous a day 
The average daily amount to be handled is 300 tons. The 
contractor is to provide dumping places, receive, remove 
and finally dispose in a sanitary manner all the garbag: 
collected by the city or by authorized collectors. The city 
reserves the option of buying the plant at the expiration 
of the contract. Mr. John McG. Woodbury is Commis 
sioner of Street Cleaning, with offices at 13 Park Kow, 
New York City. 
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THE “ENGINEERS’ CLOSE PROFESSION BILL, 
which was designed to restrict the practice of civil engi 
neering in Ontario and on which we commented last week 
has been rejected by the Ontario legislature 


THE PACIFIC COAST OIL CO., or the Standard ii 
Co. practically, is to build 276 miles of S-in. pipe line 
extending from Bakersfield to Point Richmond, on San 
Francisco Bay. Owing to the slight grades, pumping 
stations will be necessary. Mr. Forrest M. Towl, M 
Am, Soc, C. E., and Engineer of the National Transit Co 
26 Broadway, New York, is also engineer of this new pipe 
line. 


THE RE-GRASSING OF WASTED CATTLE RANGES 
in Nebraska, Wyoming, Colorado, Utah, Montana, Idaho 
and the Dakotas is to be attempted by the railways pene 
trating these States, according to a Minneapolis report to 
the New York ‘‘Times.'’’ The first problem to be solved 
is the finding of a grass plant which will be suitable for 
stock purposes, and to this end 3,000 or 4,000 acres is to 
be fenced off and divided into 40 smaller plots for ex 
periments in planting. The work will be in charge of Mr. 
R. C. Judson, Industrial Agent for the Oregon Railway & 
Navigation Co. These Western cattle ranges have been 
ruined by too much crowding and by sheep. The latte: 
especially, if too much bunched, soon destroy every growth 
except sage brush with their sharp teeth and equally 
sharp hoofs. It is expected that once the feasibility of 
re-grassing is proven, the Federal and State govern 
ments will lend their aid to the movement. 


ELECTRIC TRACTION AS A_ SUBSTITUTE for 
steam has been introduced upon about 81 miles of rail- 
ways in Lombardy, Italy. These lines traverse the pic 
turesque North Italian lake regions, and as the country 
is mountainous and water power abundant, there are 
special economic advantages in the use of electric power 

STEAM MOTOR-CARS, according to a British Board 
of Trade report, are being used in Belgium and other 
places in Europe, on branch lines with little traffic, on 
trunk lines for local traffic, and in industrial centers and 
city suburbs. On the Belgian State Railways the moto 
cars used are 46 ft. long, weigh 50 tons, and can carry 53 
passengers. They run at speeds of 18% to 34 miles per 
hour, and require the services of 2 to 3 men. The Rowan 
motor cars used in the suburbs of Antwerp have 46 seats 
for passengers, and attain a speed of 31 miles per hour. 
The same vehicle is used by the Paris Omnibus Co. Th 
Russian State Railway has two steam motor-cars; these 
are double-decked and carry 20 first, 20 second and 40 
third-class passengers. They burn naphtha, require three 
men to operate them and have a maximum speed of 14 
mile per hour. The Northern Railway of France oper- 
ates a steam motor-car for postal service, and carrying 
12 passengers. The same company is trying a storage 
battery motor-car, weighing 20 tons, carrying 12 pas 
sengers, and making a speed of 30 miles per hour. It will 
run 74 miles without recharging. 
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UNDERGROUND WATER RIGHTS IN MISSISSIPPI 
have been declared by the Supreme Court of that state 
to pertain absolutely to the owner of the soil, where no 
well-defined flow through underground channels can be 
established. In the case under judgment an air-lift plant, 
it was alleged by the Board of Supervisors of Clarke 
county, depleted the water in a county well. We are in- 
debted to Mr. Walter G. Fitzpatrick, M. Am. Soc. C. E., 
of Jackson, Miss., for the information on which this note 
is based. 
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A NEW DESIGN OF CONCRETE-STEEL RETAINING 
WALL 


We illustrate in the accompanying cuts a gen- 
cral view and some of the principal details of a 
new form of concrete-steel retaining wall con- 
struction, which has been patented by Mr. Frank 
A. Bone, Civil Engineer, of Lebanon, O. The par- 
ticular work to which the illustrations refer (Fig. 
1) is a Melan concrete-steel arch of 24 ft. span 
erected during the summer of 1901 near Black 
Lick, O. The wing walls of this arch vary from 
20 ft. to 60 ft. in length and from 10 ft. to 28 ft. 
in height and are of the concrete-steel design, 
which is illustrated by Fig. 2. This wall con- 
struction is described as follows in a letter to us 
from the inventor: 

Fig. 2 is a cross-section of the wall where it is 


Fig. 1. Melan Concrete-Steel Arch at Black Lick, O., 
Having Bone Concrete-Steel Wing Walls. 


Oregonia Bridge Co., Oregonia, O., Contractors. 


24 ft. 8 ins. in height, showing it as it was con- 
structed. The masonry of the wall was of con- 
erate of the proportions of 14% barrels of cement, 
% cu. yd. of sand, and 1 cu. yd. of crushed lime- 
stone, with one-third of the whole volume of 
large-sized sound freestone embedded in the con- 
crete. The walls have a coat of plaster on each 
side. 

The steel bents shown embedded in the back 
part of the wall were composed of plates and 
angles; were placed 4 ft. apart throughout the 
wall, and were connected together at the bottom 
with 2 x 2-in. angle. The bents were figured 
strong enough to sustain safely the entire tensile 
strain in the wall at the different points; all the 
tensile strength of the concrete being allowed to 
go to increase the margin of safety. Small angle 
brackets were riveted to the bents at short inter- 
vals to prevent any tendency of the bents to slide 
through the concrete. It will be noticed that the 
size of the upright member increases as it de- 
scends the wall, corresponding to the increase of 
strains. The plate in this member also acts to 
prevent bulging or shearing of the wall. 

The \ x 4-in. plate extending diagonally down- 
ward toward the toe of the wall is an anchor to 
prevent any upward or backward movement of 
the metal at that point resulting from the strains 
to which the bent is subjected. This anchor plate 
is twisted one-fourth way round at its lower end, 
bringing the edge to the observer. The plate ex- 
tending down along the heel is twisted one-quar- 
ter way round in a like manner. 

A novel form of mold or casing was used for the 
back part of the wall, as shown in Fig. 3, by over- 
lapping the sheeting to form the steps shown. 
These steps are for the purpose of creating fric- 
tion between the wall and the material retained. 

The foundation of the wall is on solid rock. The 
contractors for the bridge were the Oregonia 
Bridge Co., of Oregonia, O. 

The principal advantages claimed for this con- 
struction is that the weight of the retained ma- 
terial resting on the heel is used as a force to 
keep the wall in its normally upright position, 
and that metal is used where and only where the 
greatest tensile strains come. The front part of 
any good masonry wall is sufficient to bear the 
compressive strains. With the use of steel the 
wall may be made much lighter in the vertical 
part and the base may be made much wider in 
proportion, without danger of breaking off. The 
whole amount of masonry required is from 30 to 


40% less than in an ordinary-shaped retaining 
wall, to be amply safe against overturning, bulg- 
ing, settling or sliding on the base. With the toe 
of the wall resting on a firm foundation it is evi- 
dent that the wall, to be overturned by the 
pressure of the earth from behind, must rise up- 
ward in the back part together with the material 
resting on the heel that projects back of the ver- 
tical part of the wall. Therefore, the weight of 
the earth on and vertically above the projecting 
heel multiplied by its distance from the fulcrum 
at the toe gives the moment of the resistance to 
the overturning of the wall, exerted by the earth 
resting on said heel. To prove the truth of the 
above theory the inventor made numbers of ex- 
periments with model walls of similar shape to 
Fig. 2 with dry sand as the retained material, and 
found the results of the experiments to agree 
well with the theory. 

More recent designs of this wall use plates 
slightly corrugated for the entire steel bent, thus 
dispensing with the small brackets on the sides 
of the bent, and where timber foundations are 
used the bents are connected to them at the back 
part of the heel. 


CONSTRUCTION AND OPERATION OF AN ELECTRIC 
INTERURBAN RAILWAY. 


At the meeting of the Chicago Electrical Asso- 
ciation on March 17 a paper was presented on “The 
Grand Rapids, Holland & Lake Michigan Rapid 
Ry. Its authors were Mr. George A. Damon 
(Managing Engineer of the Arnold Electric Power 
Station Co., of Chicago), and Mr. William D. Ray 
‘Consulting Mechanical and Electrical Engineer, 
of Detroit). While this railway is but one of a 
very large number of electric interurban railways 
now being built, it presents some particular feat- 
ures of interest which we describe below, the 
portions printed in smaller type being quoted di- 
rect from Mr. Damon’s paper. 

The road proper is 26 miles long, extending from 
Grand Rapids to Holland, where it connects with 
the Holland & Lake Michigan Ry. and the Sauga. 
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Fig. 2. Section Showing Construction Fig. 3. Sketch Showing 
Construction of Mold to 
Form Steps in Back of 
Bone Concrete-Steel Re- 
taining Wall. 


of Bone Concrete-Steel Wing Walls 
for Black Lick Bridge. 


tuck, Douglas & Lake Shore Ry., which reach a 
large number of summer resorts and also pass 
through an extensive fruit belt. These two lat- 
ter electric lines aggregate 19 miles in length, all 
built on private right of way, with the exception 
of three miles in villages. 

The new road is in rolling country, with some 
steep hills, and has several timber trestles span- 
ning creeks. Its private right of way is 66 ft. 
wide, and is fenced in; cattle guards and signs 
are placed at all road crossings. Grade cross- 


ings of steam railway main tracks wv 
hibited, and there are two subways wit! 
abutments carrying plate-girder spans 
crossings of spurs and side tracks were | 
when protected by derailing devices in . 
tric tracks. The biggest bank is abo) 
long and 42 ft. high. A sink-hole abo 
wide was encountered on a marsh near H 
and after the road had been graded and :), 
laid the track and bank disappeared, |. 
pond of water. After vain attempts to 4)! 
hole, a pile tréstle was built, 30-ft. piles 
spliced together. It is expected that ad. 

work will be required at this point. A 

this sink-hole, after the disappearance 

track, is shown in Fig. 1. 

The line is double track, standard gag 

with 70 and 67-Ib. T-rails on cedar ties 4 
to c.; oak ties are used at switches. Gra, 
last is used, and the roadbed is drained 
necessary by vitrified tile 12 to 36 ins. dia, 
The sharpest curve is 6°, and the max 
grades are 3% at the Holland Subway and 
on the rest of the line. There are loops 
terminals and Ys at the two car sheds 4; 
Zeeland substation. 

The bonding of the rail joints was done very tho 
Two types of bonds were installed: a foot bond on 
ing rail where angle bars did not permit the usu 
bond, and on all new rail a web bond. These bond 
No. 0000, 6 ins. long and crimped to 5 ins. between « 
of the ‘‘Protected’’ type furnished by the J. M. A: 

Co. The drilling of rails for receiving bonds was ( 

a special machine which consists of a gasoline engin 

and batteries, transmission and speed regulating 4. 
mounted on a special car equipped with drill stock 

outfit paid for itself many times over in the savin, 
fected. The engine gave but little trouble and the ous: 
worked satisfactorily, requiring only one mechanic for bor) 
engine and drills. A combination drill was used, w! 
not only drilled the foot of the rail, but also count: k 
the hole. A screw compressor, operated by two men, w2 
used in compressing bonds. The rail circuit was 
connected at every twelfth pole by a No. 0 tinned oo 
wire, and connected with a good ground; all switches ani 
frogs were well bonded and cross-connected. Wher 
tracks crossed a creek, the rail circuit was grounded }: 
sinking a metal plate into the flowing water below. 

Stations in the small villages and shelters 4 
road crossings have been placed where warrant 
by the traffic. The substation buildings at Ze: 
land and Macatawa are each combined with « 
waiting room and freight office. The attendan: 
for the electrical machinery looks after the sel! 
ing of tickets, handling of freight, etc. 

The power station is at Jenison, and at present 
contains only two generating units, or half the 
equipment required for the operation of the road 
to its full capacity. The steel roof trusses carry 
a comparatively flat roof, sloping 
5-in. in 12 ins., and neither th 
engine room nor boiler room has a 
monitor roof, ventilation being pro 
vided by 36-in. Star ventilators 
The floors and foundations are ot 
concrete. In the engine room is a 
15-ton electric traveling crane 0! 
45 ft. span. Slack coal is used fi) 
fuel, and an electric traveling coa! 
carrier is to be put in later to feed 
the furnace hoppers. The four boi! 
ers are of the Cahall horizonta! 
type, built by the Aultman & Tay 
lor Co., of Mansfield, O. Each has 
2,650 sq. ft. of heating surface, ani 
is rated at 10 sq. ft. of heating su: 
face per horse power. Chain grates 
are used, made by the Green Eng! 
neering Co., of Chicago, and hav 
53 sq. ft. of grate surface, or 5 HP 
of boiler per sq. ft. of grate. Th: 
ash pit holds the ashes for a 24 
hour run. An economizer plant is to lb 
put in later, but at present the smoke an 
gases are carried (without turns or bends) to 4 
Sturtevant induced draft fan 9 ft. diameter and / 
ft. wide, which discharges into a short steel chim- 
ney 5 ft. diameter, mounted directly over the fan 
outlet, The top of the chimney is 40 ft. above th: 
grates. The fan ordinarily runs at 100 revolutions 
per minute, but is regulated automatically by th: 
pressure in the main steam header, the fan being 
speeded up if the pressure falls owing to a de- 
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for more steam. This mechanical draft 
,ent cost less than a steel chimney. 
-e are two Ball & Wood cross-compound 
vertical engines, rated at 750 HP. each, 
a speed of 150 revolutions per minute, with 
- steam pressure. The cylinders are 21% 
ind 45 x 24 ins., and between the cranks is a 
e] weighing 16,000 Ibs. The cylinders are 
» jacketed, and between them is a reheating 
ver. The exhaust passes down through the 
, a Deane jet condenser. 
engines and generators are of the direct-connected 
it the method of connection departs somewhat from 
i practice. The engine shaft extends beyond the 
earings a distance sufficient to receive the hub of a 
{ coupling. The revolving fields of the generators 
arried on an independent shaft resting in two adjust- 
oearings through which the generator shaft extends 
eive the other half of the flanged coupling. The 
of the couplings on the engine and on the generator 
hus ip position to be connected by means of three 
bolts. In this way the generators are built and in- 
ed entirely independent of the engines without the 
ral delay resulting in an effort to secure co-operation 
setween the engine and generator builders. The genera- 
being independent of the engines it is possible to shift 
‘he generators from one engine to another in case of acci- 
jent to either the engines or the generators. This arrange- 
ment gives a certain amount of reliability greater than is 
found with the ordinary independent unit plan, in which 
the breaking down of an engine or generator cripples the 
ntire unit. 
The connecting system described has proved to be par- 
ticularly fortunate for this plant, as it developed in buying 


FIG. 1. SINK HOLE ON THE GRAND RAPIDS, HOLLAND & LAKE 
MICHIGAN ELECTRIC RY. 


the electrical equipment that it would be impossible to se- 
cure shipment of the generators inside of eight months, 
whereas the road itself would be ready to operate 
inside of five months. To overcome this difficulty 
the engines were installed without waiting for the per- 
manent generators, and a temporary belt pulley on an 
independent shaft was put in place in the bearings of one 
of the generators, a belt being run through a window to a 
belted double-current generator installed in a shed. 

The Westinghouse alternators are of the three-phase, 25- 
cycle rotary field stationary armature type, of 500-K-W. 
capacity, and are provided with armature sliding frame 
to permit access to all windings for repairs without re- 
quiring the use of a crane. They have 20 poles and 
operate at a speed of 150 revolutions. The rating is 722 
amperes per terminal. The two exciter dynamos are 125 
volt 30-K-W. each and either is sufficient for supplying 
full field current for the two alternators. The separately 
excited flelds require 120 amperes at 100 volts at full- 
rated current output per terminal, at 380 volts, working 
on 100%, power factor. With an 80% power factor, on full 


load, an increase of 20% in field current is required. The - 


alternator armatures are star connected and of the slotted 
drum type. The direct-current exciter generators are di- 
rect connected to horizontal simple engines running at 
300 revolutions. These exciters are set on concrete founda- 
tions, built directly on the floor beams, so that no space 
is taken up in the basement by auxiliary foundations. The 
exciters and draft fan engine are located on a level and 
in the same part of the plant, thus reducing the work of 
the operator to a minimum. 

The step-up static transformers, which are located in a 
gallery, are of the Westinghouse oil-cooled type, and are 
seven in number (two sets of three each and one spare), 
each being of 200-K-W. capacity. The ratio of conversion 
's one to fifty. Two 300-K-W. rotary converters are in- 
stalled in the power house, for handling the sections of 
the line adjacent to the power house. The rotaries are 


started by an induction motor direct connected to the ar- 
mature shaft and synchronized by means of lamps con- 
nected on one side to bus bars and on the other to the al- 
ternating current side of the rotaries. The switch con- 
trolling the starting motor is of the double-throw type, 
arranged for high and low voltage connections to trans- 
formers. Consequently, with one position of the switch 
the motor develops a speed slightly in excess of the syn- 
chronous speed and with the other position, a speed below 
it. This permits of the proper speed being reached as 
indicated by the synchronizing lamps. Each governor 
arm of the 750-HP. engine driving the alternator, is 
equipped with a series wound 4-HP., 125-volt, Sprague 
electric motor, for controlling the speed of the engine in 
synchronizing generators. The control of this motor is 
from special switches and rheostats on the switchboard. 


Six aluminum wires of 52,630 circular mils each leave 
the Jenison power house, carrying current at 20,000 volts, 
and follow along the railway tracks easterly to the Zee- 
land substation, 15 miles distant, and at this substation, 
these six wires pass through 
the building and continue on 
to Macatawa substation 104 
miles from Zeeland. The 
six high potential wirés 
comprise two circuits. Al- 
though one circuit would 
suffice for the operation of 
the two substations, it was 
deemed best to split or divide 
the three conductors of the 
105,500 c. m. of aluminum 
required, into six wires of 
52,630 c. m. each, allowing 
both circuits to be normally 
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driven through holes in the crossarm and _ pin Thi 
method is used in preference to nails. The usual braces, 
bolted to crossarms and lag bolted to pole, hold the cross 
arms in position. Fig. 2 shows the pole with crossarm 
and bracket construction and gives other measurements 
in detail. The poles are 40 ft. and 30 ft. long, with 7-in 
tops and 13 ins. diameter, 6 ft. from the base. They were 
shipped from L’Anse, a northern Michigan timber point 

Considerable difficulty was experienced in securing poles 
that would pass inspection, and the writer's experience the 
last year with this part of overhead construction, indicates 
that Michigan will soon be barren of suitable timber for 
30-ft., 35-ft. or 40-ft. poles. Already the telephone com 
panies are using the Washington and Idaho cedar, and the 
increased freight charges make the poles from the iatter 
states cost more than those that Michigan can furnish, 
though the latter are much superior in every way 

The poles are spaced 100 ft. apart, and are midway be 
tween tracks 15 ft. c. to c.; they are placed on an average 
of 7 ft. in the earth. All poles are tarred on the butts and 
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FIG. 2. POLE AND WIRE CONSTRUCTION OF THE GRAND RAPIDS, 
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run in multiple. In the event of accident by 
grounding or the breaking of a single wire or wires of 
one circuit, the other is in readiness to carry the load. 
Although effecting a greater drop in voltage by this make- 
shift, the cars would be kept in continuous operation with 
speed slightly impaired. Other combinations of the three- 
wire circuits are as follows: 

Of the two alternators installed at the Jenison power 
house, one may deliver curent over one circuit to the Zee- 
land substation, and the other alternator over the second 
circuit, may operate the Macatawa substation, or cir- 
cuits and substations may be put in multiple with the 
alternators. Again one of the circufts can be made in- 
operative or dead, between the power house and Zeeland, 
and the multiple combination continue between Zeeland 
and Macatawa or vice versa. This arrangement permits of 
great flexibility, with but comparatively slight increased 
cost. 

The two, three-wire three-phase, alternating current cir- 
cuits have the wires 24 ins. apart, at the corners of an 
equilateral triangle. All joints on these circuits are made 
with McIntyre connectors and the joint has been found 
very satisfactory. High tension wires are tied to Provo 
glass insulators, weighing 6 Ibs. each, with a diameter 
across the base of 7% ins. The bottom of the insulator 
is fully 5 ins. above the crossarn’. Glass was preferred 
to porcelain and has worked effectively. The line recetved 
its first current of high voltage in a downpour of rain 
and no trouble wax given by a single insulator, in fact no 
part of the equipment gave any trouble. The glass in- 
sulators are believed to be much superior to porcelain, and 
the lower cost is not the least thing to be considered. They 
do not require a test before being placed in service and the 
life without deterioration is longer. 

Insulators are placed on special oak pins, 14 ins. long 
which have been boiled in paraffine oil. These pins are 
socketed in crossarms, 6 ft. and 8 ft. long, and are held 
firmly in place by plugs of 4%-in, round maple dowelling, 


painted from ground line to roof. Where poles were set 
in marsh or swampy ground they were well barrelled. At 
the side of each sixth pole is driven a 12-ft. section of gal 
vanized iron pipe to which is connected a No. 6 copper 
wire, leading directly to the top of pole and tapped into a 
barb wire carried on a top-groove glass cable insulator. 
These pipes form a good earth connection for lightning dis- 
charges that may strike the high-tension circuits. The barb 
wire is of large size and composed of two No.9 B. & § 
wires; this was used in the belief that there would be less 
danger of breakage, than with a smaller size, which in 
falling would menace the high-tension wires. The top 
groove insulator, on which the barb wire rests, is not used 
for insulation, but after-some investigation, it was found 
that this form of support for barb wire was the cheapest 
and most substantial. 

The first circuit runs continuously without transposition 
from the power house to Macatawa, while the second cir 
cuit receives one complete turn or twist between the power 
house and the Zeeland substation and between the latter 
and Macatawa. Direct-current feeders of aluminum are 
also used and these were supported on the trolley brackets, 
rather than upon an additional crossarm. This method is 
not only neat and substantial, but less expensive than ad 
ditional crossarms. The trolley bracket is of 2-in. steel 
tubing, with heavy re-enforced castings. These brackets 
were fastened to the pole by lag screws and machine bo!ts, 
the latter being used where extra strength was required 
The brackets are very strong and are specially adapted to 
interurban high-speed work. It will be noticed that thi« 
bracket is braced both from above and below the horizoa- 
tal arm. Brackets are placed 20 ft. above the rails and 8 
ft. 10 ins. from the lower crossarm. On the 40-ft. 


high-tension poles, a distance of 5 ft. 5 ins. is maintained 
below the telephone circuit and horizontal arm of brack- 
ets, with a separating distance of 20 ins. between the two 
No. 10 copper telephone wires. Steel thimble, angle, drive 
brackets are used for supporting the pony glass insalators 
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The transpositions of the telephone wires occur every four 
poles and a straight drive bracket with a transportation 
glass insulator is used. The transpositions are made by 
soldering No. 12 weatherproof insulated copper wire across 
incoming wires. Thus far the telephone circuit has been 
very sensitive and worked well, but as soon as a ground 
occurs, the circuit is then too noisy to hear ordinary 
speech. Telephones are installed at the power house, turn- 
outs, substations, offices and car barns. A dispatcher is 
employed to direct the movements of the cars by the 
medium of the telephone line. 

The General Electric M. D. type of lightning arrester Is 
installed and four of these are placed to the mile, giving 
the most efficient lightning protection for the direct-current 
circuits. The trolley wire used is No. 000 figure 8 sec- 
tien supported by cap and cone hangers made by the Ohio 
Brass Co., Mansfield, O., which also supplied the trolley 
brackets. 

Taps from direct-current feeders to trolley wire are 
made on every twelfth pole and consist of a special me- 
chanical aluminum clamp joint soldered to No. 0 insulated 
stranded copper cable. This is supported along the hori- 
zontal arm of trolley bracket by special insulator clamps, 
and then passes into feed-in ears attached to the hangers. 
The direct-current aluminum cables are connected by me- 
chanical joints, the receptacles being compressed on the 
cable and joined by a lock nut, with right and left-hand 
threads. The usual strain guys are used where necessary, 
always broken by globe strain insulators. Through sev- 
eral villages that the road passes span construction is re- 
sorted to. 

The passenger equipment consists of 10 closed 
cars, six 47 ft. and four 41 ft. long, weighing 23 
and 25 tons, or 4 tons more when loaded. The 
shorter car can seat 46 passengers Each truck 
has two 5O0-HP. Lorain Steel Co.’s motors. The 
cars have the Magann storage air brake and 
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per mile for passengers, with no fare accepted less than 
5 cts., but the steam railway competitor has recently re- 
duced its rates, and as a result the interurban company 
is making special rates during certain hours of the day, 
when the steam road has trains moving between terminal 
points. For track privileges in Grand Rapids, the inter- 
urban company receives 2 cts. on every fare in either 
direction on local or interchanged traffic, free transfers 
being given and the local Grand Rapids road provides train 
crew and power, furnishing and maintaining the track. 

The rates for freight are low, ranging from 2% cts. to 2% 
cts. per 100 Ibs., dependent upon distance, rate basis, and 
classification. The express rates vary from 20 cts. for a 
package weighing not more than 10 lbs. to 45 cts. for 
packages weighing from 50 to 100 lbs. Over 100 lbs. a rate 
of 45 cts. per 100 lbs. is made. These rates, however, 
vary somewhat, dependent upon the distance, classification 
and risk. While on the Grand Rapids Railway Co.'s 
tracks freight cars operate on a mileage basis. 

The railway was financed and built by the De- 
troit Construction Co., of Detroit, Mich., Mr. Ray 
being the electrical engineer for that company. 
The contract for the power plant complete was 
awarded to the Arnold Electric Power Station Co., 
of Chicago. 


A SELF-DUMPING DECKED GARBAGE AND REFUSE 
SCOW, USED AT. HAVANA, CUBA, 
By T. Warren Allen.* 

The accompanying illustration shows a self- 
dumping decked scow, designed by me and now 
in use by the Department of Street Cleaning and 
Parks of the city of Havana, Cuba, for taking 
garbage to sea. . 

The method of operation is shown by the draw- 
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A SELF-DUMPING DECKED GARBAGE AND REFUSE SCOW USED 


AT HAVANA, CUBA. 


Smith hot-water heater. Air compressors for 
charging the brake reservoirs are installed at the 
power house and the Macatawa substation. Five 
5O0-ft. cars have been ordered. There are also 
some smaller open and closed cars, three 35-ft 
closed freight cars resembling the passenger 
equipment, six 26-ft. box cars, six 30-ft. gondolas, 
a combination freight locomotive and snow plow, 
and a Ruggles rotary snow plow. A car shed and 
shop are located at the Macatawa substation, and 
another will be built this spring at Jenison. 

The city of Grand Rapids has a population of 
90,000 and the line will serve an outside popula- 
tion of about 30,750 in the villages and town- 
ships, with about 4,000 additional summer popu- 
lation. 


Cars are operated on a headway of one hour and re- 
quire at the present time 1% hours for the trip from 
Grand Rapids to Holland, or three hours for the round 
trip. This time is to be reduced as the roadbed is bettered, 
and later, during the summer months, a maximum speed ot 
45 miles per hour will be vealized, with an average speed 
of 26 miles per hour, including stops. The running time 
between Holland and Macatawa Park is about 30 minutes. 
The interurban cars run on Grandville Ave. in Grand 
Rapids to the downtown loop. While for some distance 
double track is used, single track with turnouts prevails 
This spring a doubie-track road from the terminal of the 
electric line to the loop downtown is to be constructed. 

Village franchises call for a rate not to exceed 1% cts. 


Dumping. 


ing, which does not require much explanation. The 
scow is built with a central longitudinal water- 
tight bulkhead, making two compartments. One 
valve, called the tipping valve, is used to let water 
into one compartment of the loaded scow.. When 
this compartment is full or nearly so the scow 
is tilted down so that the load slides off. The tip- 
ping valve is then closed and the righting valve, 
which opens communication between the twocom- 
partments, is opened, and the water flows from 
the full compartment to the empty one until the 
scow is righted,when it istowed in and pumped out. 
Wood, taken from the garbage, is used to generate 
steam for the pump. The time from opening the 
tilting valve to time scow dumps is about six min- 
utes; in four minutes more the scow is on an even 
keel again. 

This method of dumping garbage at sea cannot 
be improved upon, as the cost of building the scow 
is but little more than for a plain decked scow, 
and the cost of operation could not be less. 

THE FOREIGN COMMERCE OF GREAT BRITAIN, 
says the last Board of Trade Report, amounted last year 
to $4,352,923,590; or only $34,320,950 less than in 1900, 
the highest record reached. The exports have declined, 
however, $53,465,535, or 3.6%, while the re-exports show 
a gain of 7.3%. 


*Tacon, No. 3, Havana, Cuba. 


COMMITTEE REPORTS AT THE ANNUAL MEI 
THE AMERICAN RAILWAY ENGINEERING «> 


TENANCE-OF-WAY ASSOCIATION. 
(Concluded from page 236.) 


Rails. 

Two of the most important subjects to be +; 
are rail sections and Specifications. It might ' 
better to have stated these subjects as rai] s: 
process of manufacture. In naming specificat;; 
important subject, we had in mind, however, 
tion that would cover the process of manufacty; 
than any specification now in general use. 7 
subjects were selected not only on account of + 
portance, but also for the reason that it is des 
the railways agree on a uniform practice in tt 

RAIL SECTIONS, 

The rail mills have furnished the percentages 
total output of rails rolled to Am. Soc. C. E 
during 1901 as follows: 

Pennsylvania Steel Co.................. 
Illinois Steel Co 


les 


Maryland Steel Co 


output fro 
Maryland Steel Co. is explained by the fact that 
amount of rail of special pattern was rolled for ex 
also that the Pennsylvania Lines East of Pittsbure. 
the Baltimore & Ohio R. R. used special sections 
Lackawanna Steel Co, rolled a large tonnage of th: 
ley section for the New York Central Lines. 

We referred in 1901 to some difficulties which were 
countered at the mills, due to finishing the rails at a | 
temperature, and suggested that it might be necess: 
modify the heavier sections in common use. sp 
the Am. Soc. C. E. sections, which have come nto » 
use. The difficulties still exist, and in our opinion go 
or later some changes will have to be made, either jy 
tions, or in the mill practice in rolling. 

It was suggested at our last meeting that the s 
should not be changed without taking up the matter « 
the American Society of Civil Engineers, and since + 
time that society has decided on the appointmen: 
committee on rail sections, which should summarize ¢} 
present state of the art of rail-making and cover an 
vestigation of all questions: relating thereto, whether « 
sections, composition of the material or process of man 
facture. The personnel of this committee has not bee: 
announced. It is hoped that it will be made up of m 
directly connected with the use of rails; also, that a lone 
time will not be necessary to reach conclusions and 
formulate a report. We should co-operate in every pos 
sible way and freely furnish any information we can {: 
the matter. 

We are fully aware of the number of committees that 
have been appointed from time to time to report on th 
chemical composition of st@el, the methods of rolling to 
make a first-class steel rail, and that there has been a 
great deal of time and work expended on this matter by 
thes¢ Conimitt@es. “Some of the ‘reports “have. ‘gone into 
the subject very fully, andjat the conclusion have recom 
mended that the metal should receive more work at th: 
proper low temperature. This recommendation has not 
been adopted by railway. companies betause the mills 
have asked a higher price per ton for the rail; instead 
they have continued to >buy rails’ of poor quality, and 
often ~without any tests or inSpections “whatever being 
made. 

We think we fully appreciate that ‘in asking the manu 
facturers to improve their methods of rolling and give 
more care and attention to the manufacture of rails that 
the railway companies should be willimg to share in any 
necessary additional expense: There is no use in trying 
to make a. good .rail by thé chemical ‘campoSition alone. 
The evidence clearly points to the fact ‘that much better 
rails can be made from the steel now in use, provided it 
receives the proper treatment in rolling. We desire 
therefore, to put ourselves clearly on record on this point, 
as it is a vital one and underlies the whole matter. 

SPECIFICATIONS. 

We strongly advocate the use by railways of a 
uniform specification and uniform methods of testing. In 
our last report we submitted for the information of th: 
Association the proposed standard specifications recom 
mended by Committee No. 1 of the American Section of 
the International Association for Testing Materials, which 
have since been adopted by the American Section, at 
their annual meeting in June, 1901. We now offer thes 
specifications, with some amendments, for discussion and 
use by the members of this Association.* These specifi 
cations are not entirely satisfactory to us, but in order to 
take a step toward uniformity, we adyise their use in- 
stead of waiting for a perfect specification. Avy addi- 
tions or modifications needed which may develop from an 
actual test may be made as necessary. 


*Eng. News, July 4, 1901. The amendments referred to 
consist in inserting after paragraph No. 3 the Pennsy!- 
vania R. R. shrinkage clause (given further on in the 
report), and in changing the standard length from 30 to 
33 ft., with 27 ft. for short lengths. / 


\ 
Lackawanna Steel Co 
a 
Side and Bulkhead 
removed 
| 
| 
it 
3 
| 
: 
{ 


March 27, 1902. 


ENGINEERING NEWS. 


OCESS OF MANUFACTURE.—Details of processes of 
yfacture have generally been neglected, except in 
»e aim of the mill to turn out the largest tonnage in 
-hortest time at a minimum cost. This has enabled 
railway companies to buy rails at a lower price, even 
. y do not wear as well as desired, but if we are sin- 
iy in our demands for better rail, we must in the future 
jon to these details. 
pay that the quality of rolled steel depends 
ts chemical composition and the heat treatment it re- 
s in connection with the work of rolling, and in 
‘er to get the best results, steel of good uniform chem- 
composition should be used and rolled at a uniform 
temperature, the ingot or bloom used being large 
igh to allow the work in rolling to break up the 
se grain, as it is not the total amount of reduction in 
ng that produces the best results, but a sufficient 
ount of work must be done at the proper low tem- 
‘ture-the work at the higher temperatures merely 
_oging the form of the mass without changing its 


a 


ucture. 
he bad effects of too high finishing temperature are 


iy recognized by the rail manufacturers, some of whom 
“now rolling their heavier rails at a much lower tem- 
rature than formerly. We appreciate their efforts, and, 
showing that the engineers were willing to meet the 
ufacturers half way, a change in the section of the 
vier rails was suggested last year by increasing the 
ickness of metal in the flanges in order to carry the 
teat longer and allow the work of rolling on the head 
ot the proper low temperature, provided the manufacturers 
found it necessary to make this change in order to pro- 
iuce the best results, 

“We take great pleasure in calling attention to the fol- 
lowing papers that have appeared during the past year, 
as treating on the points referred to: 

“ of Steel,”” by C. H. Ridsdale, 
toe and Wak: 2, 1901; also abstract of 
same in Engineering News, Oct. 3 and Oct. 10, 1901. Bs 
“Some Suggestioas as to Specifications for Steel Rails, 
by E. F. Kenney, Fngineer of Tests, Pennsylvania R. R., 


=n 
Lower ‘Temperatures During 1901,” by 
s S. Martin, Superintendent Maryland Steel Co., in Iron 
Age,” and reprinted in ‘‘Railroad Gazette, Jan. 3, 1902. 

“Rolling Rails at Low ‘Temperatures, Railroad 
Gazette,’ Jan. 24, 1902. 

There is no use advocating any change of section or 
method of rolling unless we can have some reliable check 
that the rails are being rolled at the proper low tem- 
perature, At our last meeting it was suggested that the 
amount of shrinkage in the rail, after it has been cut at 
the hot saw, is the best and easiest method of checking 
the finishing temperature. We note that the Pennsyl- 
vania R. R., in its new rail specifications (Oct. 1, 1901), 
has embodied this shrinkage clause for a 30-ft. rail, which 
we give below, modifying it for a 83-ft. rail, which !s our 
standard: 

and speed of train sha so 
acme the at the final pass the 
temperature of the rail will not exceed that which > 
quires a shrinkage allowance at the hot saws of 6 ins. for 
S5-Ib. and 614 ins. for 100-1b. rails,and no artificial means 
of cooling the rails shall be used between the finishing 
pass and hot saws. 

CHEMICAL PROPERTIES.—The new rail specifications 
of the Pennsylvania R. R. is as follows: 

led shall contain not 
1.40, 0.35% of carbon where the 
phosphorus exceeds 0.07%. Where the phosphorus is 
‘O7¢, or less, the carbon shall not be less than 0.45, nor 
more than 0.60%. The manganese in no case shall exceed 
1.20%, and where the phosphorus exceeds 0.07%, the 
manganese shall not be higher than 17. Also in no case 
shall the phosphorus exceed 0.10%. 

It will be noticed that the carbon and manganese are de- 
creased when the phosphorus is above 0.077, in order to 
give steel of an equivalent hardness, and at the same 
time to guard against the steel being too hard and brittle. 
We are advised that the Pennsylvania R. R. now advo- 
cates higher carbons, as the drop tests show that rails 
finished at a lower temperature give a greater deflection 
than formerly, when finished at the higher temperature. 
It also finds that higher carbons can be used with safety 
when the proper check is kept on the low-finishing tem- 
perature. It specifies deflection of not more than 2% ins. 
for 100-lb. rails after the first blow. 

We suggest that our members direct their rail inspec- 
tors to keep a record of the amount of shrinkage, with the 
results of drop tests and chemical composition of each lot 
of rails they receive. This information, with the results 
of the rails in service, will be valuable in making a final 
specification, 

TEST PIECES AND METHODS OF TESTING.—The 
specifying of a drop test seems to be almost universally 
regarded as essential, and yet, unless the portion of the 
ingot from which the test piece comes is known, the drop 
test may be quite misleading. ‘The test piece should be 
taken from some designated location, preferably from what 
was the top of the ingot, for then we are reasonably 
sure that all the rails represented by that test piece are 
at least equal to, and probabfy better, than the test piece. 

TEST IN SERVICE.—It is recommended that the fol- 
lowing simple test be made by those interested in the 
wear of rails of different compositions and manufacture: 
Take a curve where rails are known to wear rapidly, and 


lay the different kinds of rail alternately. The rails are 
then acting under precisely uniform conditions, and it 
will take but a few months to determine what rail is 
giving the best results. If this experiment be made anew 
each year for a few years, the road making such a test 
would have valuable information, which will be useful 
in helping to decide on the kind of rail which will give 
the best results in actual service. 

R. Trimble, Pa. Lines; J. T. Richards, Pa. R. R.; 
Thomas Purcell, Mex. Nat. Ry.; A. W. Jobnston, N. Y., 
C. & St. L.; C. E, Wickham, C., R. I. & P.; R. W. Hunt, 
Chicago; G. B. Woodworth, C., M. & St. P.; F. E. Abbott, 
Chicago; Wm. R. Webster, Philadelphia; W. T. Manning, 

& O.; H. Pierce, C. & O. 
Track. 
MAINTENANCE OF LINE. 

Tangents shall be adjusted by throwing the tangent be- 
tween summits, or by throwing curves to meet tangent, 
or by partially throwing curves and partially throwing 
tangents, as may produce the least work. Centers shall 
be set with transit to insure accurate line. 

Easement curves shall be used as follows: For roads not 
exceeding speed of 30 miles per hour, on all curves ex- 
ceeding 2°; roads not exceeding 60 miles per hour, all 
curves exceeding 1°; roads where higher speed is attained, 
all curves exceeding 30 mins. 

Easement .curves shall be used between curves of differ- 
ent degrees in the same way that they are used between 
curves and tangents. The length of easement curves shall 
be the same as the distance in which the curve elevation 
is run out; therefore, as the superelevation of curves de- 
pends not alone on the degree, but also on the speed of 
trains, the length of the easement curve should vary in 
the same manner. For ordinary practice, a chord length 
equivalent to 100 ft. for each degree of variation in curva- 
ture is recommended. Where the distance between curves 
will not allow this, or for other reasons, a chord length 
of 25 to 30 ft. may be used. For very high-speed roads, a 
chord length equivalent to 150 ft. or more is recommended. 

Any form of transition curve is satisfactory which 
gradually changes the degree of curvature, and in which 
the length of chord per degree of variation can readily 
be changed to suit each particular case, the essential 
point being that the length of the easement curve shall 
be the same as the distance in which the superelevation 
of curve is raised from zero to full elevation. We recom- 
mend any transition curve of the Searles, Crandall, Hol- 
brook, or cubic parabola type, which shall be susceptible 
of being run in by deflection or offset. 

Permanent witnesses shall be placed at points of tan- 
gent, points of spiral, points of change of curvature, sum- 
mits, and at such other points along curves or tangents 
as will enable the alinement to be identically reproduced 
with a transit. : 

MAINTENANCE OF SURFACE.—For elevation on 
curves the inner rail shall be maintained at grade. The 
following approximate formula will give essentially cor- 
rect theoretical elevations for the outer rail of curves, and 
is recommended for ordinary practice, but must be modi- 
fied to suit special conditions: 

G Vv? 


$2.16R 
E = elev. in feet, V = vel. in ft. per. sec., 
G = gage, 4,708 ft., R = radius in feet. 

This formula will give results which are expressed in 
the accompanying table, and are recommended for use, 
with the modifications given below: 

Velocity in Miles per Hour. 
30 5 


Deg. 10 15 20 2 40 45 50 55 60 65 
* 1% 2 2% 2% 
2 % “/we Fs % 15/6 1% 2% 34 4 4% 5% 
3 % iZ % 2% 3% 4 4% 6 TK 8% 
4 /ie 1 2 3% 4% 5% 6 
5 % 3 5% 65% 8% 

6 he /16 15% 2% 3°/16 4% 6/108 

7 /e 1% 2% 4% 7 

8 1% 4% 6% 8 

9 1% 63% 

10 1% 2% 4% 81/16 

11 2% 4% 6 

12 % 1% 3 5 7% 

133 % 2 7% 

14 #1 24% 8% 

15 2°/163"*/16 oe 8% 

16 1% 4% 

17 4 7 

18 


1% 2% 4% 7% .. ae 
19 i 2% 5 ; 
Since the elevation required is a function of, and depends 
upon, the train speed, this speed is the first element to be 
determined. In general, as a matter of safety, the pref- 
erence should be given to fast passenger traffic. The 
slower freight traffic must also be considered, and it often 
happens that on freight lines the correct elevation for 
passenger service would be so excessive for freight ser- 
vice that the train resistance would be increased eneugh 
to materially reduce the tonnage hauled. In this case, a 
compromise must be made between the two rates of speed. 
and the curve elevation used will be too small for pas- 


senger service (theoretically), but practicable for freight 
service. 


When the theoretical elevation is reduced the speed of 
passenger trains should be correspondingly reduced. This 
is a problem which must be decided on each road, accord- 
ing to the relative importance of its freight and passenger 


traffic. It must not be understood that it is unsafe to 
run over a curve at a higher rate of speed than that for 
which it is elevated. A train may safely run 10 miles 
per hour over a curve which has no elevation. In the 
same manner a train may safely run 60 miles an hour 
over a curve elevated for a speed of but & miles an hour. 
Such an extreme should be avoided. It results in in- 
creased flarge and rail wear and cost of maintenance. 
The curve can never ride perfectly and the danger of 
accident is increased. 

The maximum allowable elevation of curves depends 
entirely on local conditions. On fast passenger roads, 
where crushed stone or other stiff ballast is used, a dif- 
ference in elevation of 8 ins. is successfully maintained, 
but for ordinary practice a maximum elevation of 7 ins. 
should be used, and when greater elevation is required, 
speed shall be reduced until the 7 ins. elevation gives 
satisfactory results. 

The superelevation of curves shall be zero at the point 
of spiral and shall increase to full elevation at the end 
of the spiral or point of simple curve. In ordinary prac- 
tice, it is recommended that the elevation be run out at 
the rate of 1 in. in 60 ft., but this will be modified by the 
same conditions that should vary the length of the ease- 
ment curve used. 

VERTICAL CURVES.—Vertical curves shall be used 
wherever changes occur in the rate of grade. Theoreti- 
cally, the changes in the rate of grade for each station 
of the vertical curve should be equal. A section of a 
parabola as applied to this purpose so nearly approximates 
this condition that the following formula is recommended 
for practical use: 

Let AB, BC be two grades in profile, intersecting at 


B c station B, and let A and C 
eee ee be the adjacent stations, 
——<—— It is required to join the 


grades by a vertical curve 

extending from A to C. 

Suppose a chord drawn 

77 78 79 from A to C. The eleva- 

tion of the middie point of 

the chord will be mean of the elevations of grade at A 

and C. One-half of the difference between this and the ele- 

vation of grade at B will be the middle ordinate of the 
curve. Hence we have: 


grade A + grade C 
M=% —— — grade B ) 


in which M = the correction in grade for the point B 
The correction for any other point is proportional to the 
square of its distance from A or C. Thus the correction 
at A + 25 is 1-16 M; at A + 50, it is % M; at A + 75 It 
is 9-16 M; and the same for corresponding points on the 
other side of B. The corrections in the case shown are 
subtractive, since M is negative. They are additive when 
M is positive, and the curve concave upward. 

The following is another method which is recom. 
mended as of equal accuracy, the use of which may be 
optional: The vertical curve shall consist of as many 
chords as there are whole tenths of a foot in the alge- 
braic difference between the two gradient lines, less one 
The length of the chord shall generally be 100 ft. The 
change from one gradient lipe to another shall be made 
by variation in rate of grade for each chord equal to the 
algebraic difference between the rates of the two gradient 
lines, divided by the whole number of tenths in the alge- 
braic difference. This change of rate is approximately 
0.1 ft. per chord. 

To change from grade of plus 0.6 per 100 to a grade 
of minus 0.5%: Number of chords in curve are 11 minus 
1, equal 10. Length of curve 10 x 100, equal 1,000 ft 


1,1 
Rate of change from chord to chord equals —— equals 0.1 
11 


If it is necessary for any reason to change the length of 
the curve, the change is made in the length of the chord, 
the rate of change remaining the same. 

Rate of grade on Ist chord equals plus 


4 

“ “ 6th“ ‘ 00 

Rth oe 0.2 


The proper length of vertical curves depends on the 
difference in rate of grade of the intersecting tangents. As 
a rule, such curves should not be less than 200 ft. or 
more than 800 ft. long. 

‘Note.—The remainder of this report deals mainly with 
methods of tamping ballast, trackwalking and tool equip- 
ment for section gangs.—Ed.) 

W. B. Poland, B. & O. S. W. R. R.; W. M. Camp, Ry. 
& Eng. Review; S. B. Fisher, M., K. & T. Ry.; C. L. 
Addison, L. Id. R. R.; F. R. Coates, C. G. W. Ry; D. 
MacPherson, C. P. Ry.; C. E. Lindsay, N. Y. C. @ H. R. 
R. R.; H. C. Landon, B. & S. R. R.; A. W. Fiero, Chi- 
cago; G. A. Mountain, C. A. Ry.; C. E. Bryan, B. & O 
R. R.; W. H. Davisson, C., R. I. & P. Ry. 


Masonry. 


Standard specifications and other data in regard to 
practice and customs as to masonry construction have 
been obtained from nearly 70 railways of the United 
States, Canada and Mexico. Of this number 50 roads may 
be classed as of some considerable extent and experience. 
A review of the best specifications seems to show a rather 
surprising substantial agreement in numerous main 
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points As to stone masonry, for instance, some roads 
name coping and bridge-seat masonry and then classes 1 
2 and % for what may be termed the body of the work 
others name classes 1, 2, 3 and 4; and still others, while 


not stating classes by numbers, yet, under some nomen 


clature, have virtually these three or four classes It 
seems feasible to have substantial agreement on some 
«lassification that can be made to apply to general prac 
tice throughout the country In doing this it is not an- 
ticipated that the committee will be able to present a com 
plete specification that will meet with approval of ali 
parties It is conceivable, however, that an outline may 
be made that will differ but little from the best practice 
and that can, by minor amendments, be easily made to 
include the particular specialties that any road may think 
desirable for its conditions. 

One feature has been forcibly brought to the attention 
of the committee by responses from several first-class, 


roads. This is perhaps best indicated by a quotation from 
one communication from an important first-class rail 
road All our masonry is built by our own men, and we 


have no printed s«pecifications, as the foremen understand 
how the work should be done Almost the same lan 
guage is used in responses from chief engineers of several 
other roads. It is not this committee province or desire 
to take issue with this, in many respects most excellent 
practice; but even with such practice it might be found 
worth while to have a general printed description of what 
is considered requisite for good work The outline that 
the committee ventures to present might perhaps be better 
termed a description” of several classes of masonry 
rather than a formal “specification. It would be some 
thing that, with a few additional requirements printed on 
accompanying sheets to show what other special .condi 
tions, if any, are to be exacted from a contractor, would 
then constitute a complete specification, and could be 
made part of a contract One point of objection that i 
found in several good specifications for masonry is that 
along with the outline and kind and quality of work that 
is wanted, various provisions not in themselves descrip 
tive of the masonry are included, such as a clause that 
the presence of the engineer or inspector shall not re 
lease in any degree the responsibility of the contractor 

or, “‘that no conventional measurement will be allowed, 
any rule or custom of the country to the contrary not 
withstanding Such provisions, while entirely right and 
proper, in many cases are not, it would seem, any part 


of a cription’’ of masonry, which is, perhaps, afcei 


all, pretty nearly what specifications for masonry 
should be The necessary proper restrictions as to con 
tract work can easily be given on a separate sheet and 
with increased force and clearness, from the very fact 
that they are separately stated. 

Before giving a suggestion for description of the several 
classes of stone masonry a general definition of masonry 
is submitted, as follows 


Masonry, in its widest sense, includes all constructions 
of stone or kindred substitute materials in which the 
separate pieces are either carefully placed together, with 
or without cementing material to join them, or, if the 
pieces are not separately placed with care, are encased in 
a matrix of firmly cementing material 

After offering for criticism a definition for masonry, the 
committee further presents a suggestion for some particu- 
lar descriptions hereinbefore referred to, in the hope that 
it may do something to harmonize good railroad practice 
in usual masonry construction. The best “‘description’’ o: 
specification will not insure good work, if construed 
or carried out by incompetent, careless or dishonest 
agents, but is yet of much value, even with unsatisfactory 
agents; and under usual cenditions will go far towards 
securing good, strong work at reasonable cost. The at 
tempt is made to furnish enough of an outline to consti 
tute a good, common nucleus, to which different parties 
may add other particulars descriptive of the peculiaritic 
of their various situations The outline here given might 
be printed on two leaves of usual contract form, leaving 
sufficient blank space at end of each class description fo 
such special amendment as might be desired 


DESCRIPTION OF STONE MASONRY 


All stones used for masonry shall be sound, durable, no? 
liable to be affected by the weather, from sources approved 
by the engineer, and shall be laid on their natural beds 

MORTAR for laying up _stone masonry, unless othe 
wise expressly stated, shal] consist as follows: Either 1 
part of approved Portland cement to 4 parts of good, sharp 
sand, or 1 part of approved natural cement to 2 parts 
good, sharp sand, all to be very carefully measured and 
mixed, and to be used within one hour after mixing, an 
always before it shall have commenced to set. 

MORTAR for pointing shall consist of 1 part Portland 
cement to 1 or 2 parts of sand 

FINISHED COPINGS PARAPETS, BRIDGE-SEATS 
AND OTHER FINELY DRESSED SPECIAL STONES 
Work that comes under this head shall be of selected 
stone, of the best quality, free from defects, shall be very 
accurately cut, being finely bush-hammered where calied 
for, and as per plan and dimensions given To be laid 
to *K-in. joints 

FIRST-CLASS MASONRY.—First-class masonry will be 
laid in Portland cement mortar, in regular courses, each 
stone being carefully cleaned and dampened, if desirable, 
before setting. The face stones shall be rock-faced, with 
edges pitched to a straight line, and no projections ex- 
ceeding 3 ins. A draft line, 2 ins. wide, shall be cut st 


each angle in the masonry. The beds throughout and the 
joints for 12 ins. back from the face shall be dressed to 
lay to %-in. joints No course shall be less than 12 nor 
more than “3 ins. in thickness, and the thickness of any 
course shall not exceed the course below it. Stretchers 
shall not be less than 3 ft. long, and not less than 18 ins 
wide, nor less in average width than 1% times its height, 
and at no single place less in width than height 

HEADERS must not be less than 4 ft. long, where the 
wall is of sufficient thickness, and the majority shall ex- 
ceed that length Where the wall is not over 5 ft. thick, 
they shall extend entirely through the wall. Headers will 
extend at least 20 ins. beyond the width of the adjacent 
stretchers. The usual arrangement shall consist of head- 
ers and stretchers, alternately arranged, so as to thor- 
oughly bond together the face stones and the backing; 
for rare exceptions, two stretchers will be allowed to one 
header, by special permission, to cover each such case 
The stones of each course of the face must break 
joints at least 1 ft. with those of the course. below No 
hammering will be allowed on any stone after it is set. 
Each stone must be set upon a full bed of fresh mortar 
the broadest bed down, and brought to a firm and level 
bearing without spalls or pinners. 

BACKING.—The backing shall consist of large-sized, 
well-shaped stones laid in full mortar beds and breaking 
joints so as to thoroughly bond the work together. The 
spaces between the larger stones shall not be over 6 ins. 
in width and shall be thoroughly filled with small stones 
and spalls laid flat, and all spaces flushed full with 
mortar. The courses shall correspond with the face stone, 
but may be made up in part by two thicknesses, providing 
no stone less than S ins. thick be used. In cases approved 
by the engineer, satisfactory Portland cement concrete 
may be used for backing. 

SECOND-CLASS MASONRY.—Second-class masonry 
shall be laid in cement mortar. The face stones shall be 
rock-faced, no projections over % ins., edges pitched to a 
straight line, shall have parallel beds and rectangular 
joints The beds and joints for S ins. back from face 
shall be dressed to lay not over %-in,. joint. The stones 
need not be laid up in regular course, but shall be laid 
level on their natural beds, shall be well bonded, having 
at least one header 3 ft. 6 ins. long to every three 
stretchers with joints well broken; no stone shall be less 
than S ins. thick, and no stone shall measure in its least 
horizontal dimensions less than 12 ins., nor less than its 
thickness 

BACKING.—The backing shall consist of well-shaped 
stones, not less than 6 ins. thick, and of which at least 
half shall measure *%} cu. ft., to be laid in full mortar . 
with joints well broken, well bonded together, and with 
the face stone All spaces to be thoroughly filled with 
small stones and cement mortar. 

THIRD-CLASS MASONRY.—Third-class masonry shall 
be laid dry or in mortar, according to the direction of the 
engineer. It shall consist of good quarry stone, laid upon 
the natural beds, and roughly squared, on joints, beds and 
faces, the stones breaking joints at least 6 ins the wal! 
shall be bound together by headers, occupying one-fifth 
of the area of the face of the wall front and rear, and ex- 
tending through walls 3 ft. or less in thickness; no stone 
shall be used in the face of the wall less than 6 ins. thick 
or less than 12 ins. on the least horizontal dimensions 


OUTLINE SPECIFICATION FOR CEMENT CONCRETE 


CEMENT.—Natural hydraulic cements used shall be 
freshly made, of uniform quality, so ground that 75% will 
pass through a sieve with 10,000 meshes per sq. in., shall 
have a tensile strength on 1 sq. in. section of not less 
than lt) Ibs. at age of seven days (one day in air and 
six days in water), and not less than 160 Ibs. per sq. in 
at age of 2S days. When mixed with equal parts of good, 
sharp sand, shall have a strength of not less than 8 Ibs 
per sq. in. at age of seven days (one day in air and six 
days in water), and not less than 140 Ibs. per sq. in. at 
age of 2S days 

Portland cements used shall be of uniform quality, se 
ground that {0% shall pass through a sieve with 10.000 
meshes per sq. in., shall have a neat tensile strength on 
1 sq. in. section of not less than ) Ibs. at age of seven 
days (one day in air and six days in water), and not less 
than 4) Ibs. per sq. in. at age of 2S days. When mixed 
with three parts of good, sharp sand, shall have a strength 
of not less than 160 Ibs. per sq. in. at age of seven days 
(one day in air and six days in water) 

Cement shall be subject to such additional test require 
ments as may be especially called for 

PROPORTIONS.—Cement and Sand: For natural hy- 
draulic cements, the proportion of cement to sand shall 
not be greater than 1 to 1, nor less than 1 of cement to 
2 of sand 

For Portland cements, the proportion of cement to sand 
shall not be greater than 1 of cement to 2 of sand, nor 
less than 1 of cement to 5 of sand. 

BROKEN STONE to pass through 2-in. ring, screened 
gravel or substitute materials; no more of this material 
shall be used than can be effectually covered and united 
together by the cementing mortar. It shall generally be 
moistened before being combined with the other ingre- 
dients 

WATER.—Suflicient water shall generally be used to 
make a moderately wet concrete 

The above statements as to proportions are intended fot 
work in the open air and during moderate weather, and 
such proportions may be varied for conditions of use un 
der water or in freezing weather, the modifications in such 
eases consisting mainly of using a larger proportion of 
ement and a less proportion of water than would be used 
under conditions first stated 

MIXING \ standard for mixing of the various mate 
rials is as follows: Mixing Cement Concrete by Hand 
Labor—The proper amount of sand shall be spread out 
evenly on a smooth, tight platform: then add the prop 
smount af cement and thoroughly mix the two until the 
mass is of an even color; this amount of mixing should be 
equal to four times turning over with a shovel; then add 
a proper amount of water for the conditions of the work 
in hand and mix thoroughly again until a good plasti 
mortar is formed; then add the proper amount of broken 
stone or clean gravel stones, and again thoroughly mix 
the mass until the stones are covered with the mortar and 
ill woids completely filled: the amount of mixing for this 
part of the work should be equal to four times turning 
over with a shovel 

Cement conerete may also be mixed by well-made mix 
ng machines Machines will be preferred which permit 
first, the dry mixing of the cement and sand, then th 
addition of the water and stone; also such machines or 
arrangements as conveniently permit the indefinite contin- 
uance or repetition of the mixing process will be preferred 


to those that have a fixed limit for the amou 
they can conveniently give to a Siven chary: 
of concrete 

Whether in mixing by hand labor or by ma 
care should be taken to keep the mixture 
from all foreign substances, like 
sticks, etc 


paper 


A concise statement of the intent of th« 
tions for cement concrete may be made somet 
lows: Using cements that are in quality 
but rather above, the average of the 
market, reliable cement concretes may be 


aly 
not 
Z00d brant 
used 
fidence under appropriate conditions, composed 
For natural hydraulic cement concrete a good 

1 part cement, 1 part sand and 2 parts brok« 
be considered as good, strong concrete, 
be made with natural cement; 1 to 2 
considered as poor and weak ) 
should be made with natural cement, to bx ‘ox i 
work to be classed as durable and suffix ient 
usually placed upon masonry of ordinary 

For Portland cement concrete a good mixture 
2 to 4 may be considered as good, strong concret 
tically need to be used for any piece of Portia; 
concrete of appreciable bulk. A good mixture o: 
‘} may be considered as giving a concret of 
strength, when of proper dimensions, 
masonry construction, and, at many 
ample for very heavy work. 

A good mixture of 1 to 4 to & stone may be 
giving a concrete of sufficient strength, when of 
dimensions, for much ordinary plain work 
positions. With any of these Portland cement «« 
there may be judiciously used, on their exposed 
“skin’’ or facing of rich Portland cement mortar 1 
1% ins. thick, to be built up at the same time as +} 
crete backing, and both tamped well together Tr 
ing should not be too rich in cement. 
cement to 2 sand. 


as pract 


concrete as 


dime 


for any 


times and 
consid 


in 


not richer ¢ 


In some instances Portland cement concrete ha 
used in railway structures made by mixing th 
direct with certain gravels, as found in favorable } 
without screening to separate the sand and pebble 
is not thought that such practice could be indorsed 
frequent use, or as safe to follow, except with unu 
favorable materials, and by individuals whose 
personal experience might warrant them in it 

There is some difference of opinion among engines 
to the advantages, respectively, of broken stone o1 
rounded pebbles for use in conerete. Both 


eXte 


hat 
are used 
much good work is done with both of them. For th: 
best work good crushed trap rock or hard limeston: 
probably give somewhat strongér work with same 
tities of cement than the natural rounded pebbles 
cially for tests under one year in age. 


qu 
yua 


COST OF CONCRETE. 

It is very difficult to give any general statement 1¢! 
will be of value as to cost of concrete masonry work. M 
ferring to railroad structures of Portland cement concret: 
such as abutments, culverts, arches up to 30-ft. spar 
varying proportions in the concrete mixture, and in wid: 
different situations, the cost per cubic yard for good wor} 
that has stood up to its requirements has been vartou 
reported at from somewhat less than $5 up to about S1U 
In most of these situations the stone masonry that wou)! 
have been considered right for the same place would hay 
cost from 20% to 80% more. 

If the structures are considered of equal value, th 
smaller saving may be well worth making, and the larg: 
saving might many times help to determine the questio 
as to whether a timber structure in bad order should aga 
be renewed with timber or be replaced with somethin: 
more permanent, upheld by concrete masonry. 

An accurate account of cost is given herewith as 
sample of good work recently done near Pittsburg, Pa 
which is of interest It is the report of construction o 
an arch built under traffic, April to June, 1901, near Pitt 
burg, Pa 

Semicircular arch, span, 26 ft 

Length of barrel, 62 ft. ° 

Length of east wings, 22 ft. 

Length of west wings, 21 ft. 

Length of retaining wall returns at end of west wing 
ov ft 

Wing copings, 18 ins. thick and sloped. 

Other copings, 18 ins. thick and horizontal. 

parapet copings above intrades of arch, % ft. 6 ins 


a height of bench walls, 10 ft. 
fhiekness of bench walls at spring line, 7 ft 

Thickness of arch at crown, 26 ins. 

Height of haunch above spring line, 7 ft. 

Up to present time (Feb 6, 1902) the general conditio 
of the structure is perfectly satisfactory, there being ! 

of weakness or indication of bad weathering 

n ve masonry, the engineer in charge thinks gene! 

mensions may be somewhat reduced, as compared wi! 

e used in ordinary first or second-class stone masonr) 

for railroad purposes where it is proposed to build 0 
Portland cement concrete 

In the concrete, Atlas American Portland cement wa 
ised throughout, with river gravel and sand. Two pro 


portions were used, the weaker in foundations and ba 

ng nd the other in all face work and in the 26-i! 
ng work. One part cement, 2 parts sand, 10 parts gravé 

formed the weaker mixture. In the other we added o: 


half part cement We secured our gravel in two sizes 
intention was to use 8 parts of the 
coarser and 2 parts of the finer The finer. grade con- 
tained no pebbles exceeding 1 im. in diameter, and we 
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ass e gravel from the dredging machine 
while this operation excluded 
ac exceeding the size mentioned, it allowed a 
iderable amotnt of sand and fine gravel to go 
» the coarse gravel in the so-called coarse grade. 


sitated a corresponding variation in our con-. 


tures ¢ the proportions of the two grades of 
7 8) was determined by treat- 
~rades for voids. In building up the work, which 
ied on in horizontal layers of 8 ins., a little 
i to 2) was first placed against the face of the 
en the richer concrete mixture to a width of 12 
and the other mixture back of that. Then all 
roughly (not heavily) tamped together. In form- 
ing the entire 26 ins. was made of the richer 
.nd the courses inclined approximately to the line 
jius, until an inclination of 45 to »0” was reached 
inclination was then carried uniformly about to 
nd finished somewhat as with a key built up tn 
' layers. The haunching was carried up with 
being formed with the weaker mixture. Hori- 
‘pd slope copings were made also of the richer 


z all face work, single surfaced and 
pe crt 6 ins. wide, were used, generally 
ards thick. The face boards next to the concrete 
in place only just ahead of the concrete, in order 
ich as much as possible the effect of cracks and 
, the face of the finished concrete, due to shrink- 
the lumber. 
pansion or temperature joint was put in each wing. 
m the face of the arch. In another case the engi- 


vould avoid this, if possible, and locate these joints 
ni ‘he limits of the arch itself, making them some- 
ess conspicuous. 

the forms were all removed, the exposed surfaces 
w ,vered with a very thin grout, applied with a brush, 


whitewash. This filled all the minute openings, and 
) did not produce a surface that would scale off. It 

ound that a rich grout did not do so well as one 
» of 1 cement and 2 sand. 

.. finished structure contained 1,495 eu. yds. of con- 
rete masonry, total cost of which was $7,243.24. The 
‘ per cubie yard concrete for material and labor was 

4 follows: 


MATERIAL. 


Fine gravel, at 21 cts. per ton, 0.40 ton.... 08% 
Sand. at 36 ets. per ton, 0.32 ton........-- 11% 
( ent, at $1.60 per 
Tools and other storehouse accounts....... 


LABOR. 

Preparing site and cleaning up after com- 

pletion of structure, at 15.5 cts. per hour.$0.21 
Forms, at 23 cts. per hour.........+-s+-+s .28 
Platforms and buildings, at 23 cts. per hour. .05 
Changing trestle, including service of work 

train and steam derrick car.........-.++ 
Exe'tion, foundations, at 15.5 cts. per hour. .31 
Handling material, at 15.5 cts. per hour... 038% 
Mixing and laying on concrete, at 15.5 cts. 

per 1.44 


Total cost per cu. yd. of concrete 

Wages paid were as follows: Foreman mason ip general 
charge, 40 cts. per hour; laborers, 15 cts. per hour; fore- 
man, 2 ets. per hour; carpenters, 22.5 to 25 cts. 

teferring to the above cost, perhaps it should be said 
that the general conditions were probably as favorable as 
any likely to be found. The gravel and sand was deliv- 
ered from hopper cars into bins under each end of the 
trestle on ground high enough so that practically no ma 
terial of any kind had to be lifted during its progress from 
the cars to its final position in the work. The mixing 
was done by hand on platforms about 16 x 24 ft, and mix- 
tures averaging % cu. yd. were usually made. 

The work was begun April 1, 1901. Centers were erected 
May 1 and 2. The arch was closed May 16 and centers 
struck May 30, but not removed until about June 18. 
Filling over the completed arch was begun June 1() and 
completed on June 22. Trestle stringers were removed 
and track adjusted on new embankment July 8. No settle 
ment whatever could be detected in the arch either before 
or after the removal of the centers. 

E. P. Dawley, N. Y., N. H. & H.; H. G. Kelley, M. & 
st. L.; W. L, Breckinridge, C., B. & Q.; C. W. F. Felt. 
c. & 8. W. Boyt, Rockester, N. Y.; G. F. 
Swain, Inst. of Tech., Boston; C. Lewis, B. & O.; Garrett 
Davis, B., C. R. & N.; E. C. Brown, Union R. R.;: M. W 
Cooley, Boston, Mass. 


Improvement of Railway Grades and Alinement. 


tadical improvements in existing grades and alinement 
are generally only considered and undertaken when the 
traffic—present or immediately prospective—is of such 
volume as to make it imperative that the tonnage handled 
per train be largely increased, if such traffic is to be 
carried in the most profitable manner to the railway 
company. 

It is evident that on a line where there are few trains, 
a moderate increase in the length and curvature of a line 
or an increase in its grades can probably increase operat- 
ng expenses by only a small amount, so that a moderate 
aving in cost of construction will justify such a change 
yn the contrary, where the number of trains is large, the 
nereased cost of operating a train or a ton on the inferior 
ne will be multiplied many times, and the increase in 
perating expenses will be large, and a large saving in 
ost of construction will be necessary to justify the adop- 
‘ion of the longer and more crooked line, or the line with 
heavy grades. 

An increase in distance, curvature or rise and fall addy 
omewhat to the cost of running each train, but has no 
fect on the number of trains for a given traffic. An 
‘crease, however, in the rate of the limiting grade or 
jmiting curve increases the resistance to be overcome 
‘king necessary a shorter train behind any given engine, 
od therefore a greater number of trains for a given 
raffie, and generally each of these must be hauled over 

entire operating division. 


it is obvious, therefore, that the differences in grade 
necessary to be considered are much more powerful in 
their effect upon the cost of operating than are changes in 
distance, while curvature and rise and fall are generally 
far less important, in view of the amounts in which they 
are involved. Curves, if used so as to have a limiting 
effect, are of primary importance also, but the better 
practice does not so use them at present 
LIMITING GRADE 
Considering the question of grade with reference to 
economy, the steepest actual grade to be operated by a 
single engine may be called the maximum grade It is 
not, however, always the grade which limits the weight 
or length of train, for several reasons il) The limiting 
grade is a virtual grade, and this may be different from 
the actual grade, due to a difference 
the bottom and the top of the grade; (2) the steepest 


velocity between 


actual grade may be worked by a helper engine, and so 
fail to be the limiting grade on the basis of eQquivalent 
helper grades; (3) variations in the load over differen 
parts of the division may cause some grade other than 
the steepest to become the real limiting grade, on the 
basis of equivalent grades for unequal traffic This may 
be true not only as to grades in opposite directions, bul 
also as to those in the same direction 

VIRTUAL GRADES 

Where a train passes over a grade at varying speeds 
the virtual grade becomes a curved line This results 
from the fact that train resistance and the power of the 
locomotive both vary with the speed While this is true 
virtual grades can better be understood if their considera 
tion is first taken up on a basis of straight lines, such 
grade lines serving as measures of resistance. While 
train resistance is usually stated in the form of pound. 
per ton, it is frequently and conveniently expressed in the 
form of grade, and, as is well known, if the rate of grade 
per cent. be multiplied by 20 the result is the equivalent 
number of pounds per ton. 

When a locomotive is hauling a load, the pull it exerts 
is frequently greater than that necessary to overcome the 
ordinary train resistances, even with curve and grade re 
sistances added. The surplus pull, when there is any 
acts on the train and accomplishes work whose equiva 
lent is found in the increased energy of the train, and 
this may be measured by the increase in velocity When 
the pull of the locomotive is less than what is necessary 
to overcome ordinary train resistances with curve and 
grade resistance added, there is a deficit in the amount 
of work done compared with what is required; this deficit 
is practically the same as a retarding force which accom 
plishes work, whose equivalent is supplied by drawing 
on the energy stored in the train; the loss of energy is 
measured by the loss of velocity resulting. <A train start 
ing at 25 miles an hour at the bottom of a hill and pass 
ing the summit at 7 miles an hour will require less pull 
to haul it than if a uniform speed be maintained, as is 
well known. 

The actual profile is a matter of location and construc 
tion. The virtual profile introduces the element of 
operating; the latter depends in part on the actual profile 
and in part upon the speeds at which certain points are 
passed. At any station or point on the actual profile 
where the speed is specified, if the velocity head due to 
that speed be added to the actual height, it will give a 
point to be known as the virtual height at this station 
The lines joining a series of points marking the virtual 
heights thus found show the virtual grades, and the pro- 
file thus constructed may be called the virtual profile 

The inclination of the line of virtual grade at any point 
is the true measure of the resistance which the locomo 
tive must overcome as grade resistance. It must over 
come this in addition to the ordinary train resistance, as 
well as the curve resistance, unless compensation for 
curvature has been used. 

A momentum grade may be defined as a grade operated 
in such a way that surplus energy stored in a train is 
drawn upon to allow the train to be hauled up this grade 
with less resistance to be overcome by the pull of the 
engine than would be necessary if uniform speed were 
maintained. The common case of momentum grades is 
that where the train passes the foot of a steep grade at 
comparatively high speed, and is allowed to pass the sum 
mit at low speed. The practical problem for the engineer 
engaged in location or construction is generally to deter- 
mine either (A) how far a steep actual grade can, be con- 
tinued and yet allow a required virtual grade to be main- 
tained, or, where an actual grade is under consideration, 
to determine (B) what the virtual grade will really be 
under prescribed conditions of operating, and also tn this 
connection often to find (C) the speed which it is possible 
to acquire at the foot of a momentum grade. 

Modern railway practice has substantially established 
the fact that momentum grades have their uses and are 
frequently of great value, but there are definite and weli 
known important objections to their indiscriminate use 
and that they should be adopted as a matter of course 
ordinarily or wherever ppportunity offers, especially in 
original location, may be seriously questioned. 

The advantage of momentum grades is most apparent on 
short grades, or just where there is the best opportunity 
generally to reduce the actual grade. It should not be 
lost sight of that any grade lower than the limiting grade 


may at any time have value, due to the fact that many 
trains do not carry the same load throughout an entire 
division, but take on or set off cars at stations, with the 
result that any grade lower than the apparent limiting 
grade of the division may become temporarily, or even 
permamently, the real limiting grade, due to the greater 
loads hauled over it, and the lower grade may thus hav: 
the effect of increasing the capacity of the entire division 
In revision of line, conditions of traffic and of operating 
are more definitely settled, and the use of momentum 
grades can be more intelligently made It is often a 
choice between a momentum grade and the alternative of 
a lower train load over a division, if the grade in question 

the real limiting grade of the division 

The proper procedure is for the engineer to note evi 
dence bearmg upon the matter from other similar feat 
ures, to estimate in each case the advantages and disad 
vantages of the momentum grade, to take into aceount 
eost of construction and operating and to consider safety 
and convenience, and then, with these bearings in view 
exercise his best judgment 

The principle of virtual grades finds an interesting ap 
plication in connection with regular stopping points, such 
as stations on a railway where nearly all trains are local 
The virtual grade being substantially uniform, the speed 


is decreased for trains approaching the station from 
either direction; in starting from the station the grade {s 
also more favorable than the uniform grade, and any 
desired acceleration is acquired sooner 

At stations where many through trains pass, the only 


disadvantage would be a diminution of speed in passing 
the station, which is not altogether disadvantageous 


the seore of safety. 


on 


The subject has thus far been treated on the as umption 
that a straight line represents the grade up which the 
engine can haul its train This is true only when the 
speed continues uniform With higher speeds the tractive 
power of the engine decreases, and in addition the train 
resistance increases. The grade up which the engine can 
haul a given train is less at high speeds than at low 
speeds, and when the engine starts at a high speed and 
steadily decreases its speed, the line up which it can haul 
its train will be curved with the grade flatter at the be 
ginning and steeper as the speed decreases It is difficult 
and probably impracticable to directly apply this curved 
line to an actual profile.” It may be possible to substitute 
for the curved line some straight line whose effect will 
make it a substantial equivalent for the curved line, but 
simple solution in that direction is not an easy matter 

A somewhat different method of solution which ts in 
teresting and reasonably satisfactory is in use on the 
Canadian Pacific Ry., in the form of a diagram by which, 
in the case of a given engine and train, one can find for 
each grade the speed the train may acquire (or lose) fn 


given distance, or vice versa the distance necessary to 
acquire (or to lose) any given speed. 

(The committee then deseribe in detail the method re 
ferred to, which was given by Mr. A. C. Dennis in 
neering News of Nov. 22, 1{4W).—Ed.) 

Any theoretical determination which depends upon both 
a curve for tractive force of engine and 


Engi- 


a curve (or 
straight line) of train resistance, must be subject to the 
criticism that even if the tractive power of the engine is 
reliable, yet on any particular railway the train resistance 
is likely to be different (often materially so) from that 
given by any of the well-known formulas or curves 

The series of curves shown in Engineering News Oct. 
31, 1901, is even more conclusive evidence on this point. 
Nearly all of the lines shown in that diagram represent 
results of actual experiment on some railway at some 
time, and have extraordinary range. The work of finding 
the tractive power of an engine at varying speeds is also 
carried on at some disadvantage and inconvenience. There 
are two sources of possible error therefore in determining 
the surplus tractive force available for grade or for 
increased speed 

There would apparently be an advantage in point of 
simplicity in determining this surplus tractive force di- 
rectly if a convenient means could be found for doing 
this. Fortunately it can be done by the simple expedient 
of critically observing velocities continuously during a 
run, in which the locomotive is handled with the object 
of securing reasonable uniformity and also thorough 
effectiveness in tractive force The velocities must be 
properly connected with the actual profile of the road 
Furthermore, for this purpose, the speeds must be ob- 
served with a degree of precision definitely greater than 
is commonly secured. In fact, it is probable that some 
special form of speed recorder would be needed for this 
purpose. The ordinary speed recorders in use would not 
serve the purpose, 

The replies made to the inquiry of this committee in 
relation to methods of tonnage rating seem to indicate 
that the practical tests are seldom carried out with the 
addition of speed records. It reasonably follows that even 
when chief engineers and engineers of maintenance of way 
are opposed to the use of momentum grades, yet in prac- 
tically rating the engines it is probable that in many cases 
a hill is actually climbed by using a higher speed at bot- 
tom and a lower speed at top. It is in any case desirable 
to know just how the steep grades are overcome, and 
careful speed records are essential for this purpose. On 
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some railways careful tests have been made both upon 
train resistance and upon the tractive power of the loco- 
motive, and tests also as to speed in practical running 
test, and in such cases the ratings deduced have, in cer- 
tain cases, at least agreed well with the practical road 
tests, as might be expected. 

COMPENSATION OF GRADES FOR CURVATURE. 

In computing from diagrams the speed a train will ac- 
quire at the foot of a grade where there are curves, an 
allowance must be made for the curves decreasing the 
grade. If curves are not compehsated, this grade adjust- 
ment will be the total curve height allowance divided by 
the distance. If compensated, the grade adjustment wil! 
be twice as much, since the train will encounter both 
the curve and the flattening of grade also. 

From the result of the committee’s inquiries it would 
seem that the practice in this country at present favors 
compensation proportional to degree of curve, and 0.04 
per degree represents average practice. The observation 
of the effect of compensation, however, seems on the 
whole not to have been critical enough to determine defi 
nitely whether or not it should be proportional to the 
degree of curve, and experiment and critical observation 
is further needed; the effect of curves as shown on a 
speed recorder capable of recording slight changes in 
speed is suggested as a desirable method:of experimenting 
CONSTRUCTION WORK ON GRADE REDUCTION AND 

CURVE IMPROVEMENTS. 

In the practical work of grade reduction, after the type 
of engine to be used has been settled, the rates of grade 
permissible decided upon, and the extent to which momen- 
tum and equivalent grades may be used has been deter- 


mined, the location of the new work is the important 
question. This subject resolves itself naturally into three 
classes: (1) A new location far enough away from the 


existing line, to be treated as a separate line, and built 
according to the ustial methods of construction indepen- 
dent of the old line; (2) raising or lowering the existing 
line on the original right-of-way and alinement; (3) a com- 
bination of the first two classes mentioned, in each par- 
ticular section of work under construction. The third 
class is by far the most usual, and generally the most 
economical way, for the reason that it takes advantage of 
all available existing work, and only takes to a new 
alinement where required. 

The experience of the engineers of a prominent line on 
which a large amount of grade reduction and change in 
alinement has been done has shown them that in grade 
improvements made for substantial distances it is better 
to build an entirely new line, and not interfere with the 
existing traffic in any way. That is, they appear to have 
succeeded in doing so for less money than by keeping the 
traffic moving over the existing line. A question of this 
nature, however, together with the extent to which an 
existing line may be disturbed and traffic impeded, must 
of course be decided for each individual case, the govern- 
jing elements being the density of traffic or frequency of 
trains and the amount of saving reasonably expected from 
an intelligent comparison of the probable cost of each. 

The various items to be taken into account in a tabu 
lated comparison of the cost of the maintenance and 
operation of a new line with that of the old, as well as 
the method of pro-rating them, are so well understood 
that it is unnecessary at present to enter into details 
bearing upon them. 

In the practical work of almost all grade improvements 
the steam shovel is usually the most important factor, and 
the committee endeavored to bring out for this report 
such facts as might be of use to those contemplating such 
work. To this end a series of practical questions were 
framed and sent to the members of the association in the 
form of a circular, and a brief digest of the answers re- 
ceived follows: 

STEAM SHOVELS.—Shovels varying in weight from 35 
tons to 80 tons, and in dipper capacity 1% to 3 cu. yds., 
were respectively mentioned as desirable by various mem- 
bers, but the majority of the replies embraced opinions 
that a shovel weighing 65 tons, with a 244 cu. yd. dipper, 
and at least 14 ft. clear height of dipper above rail, was 
the most serviceable shovel for general railway work. 

SHOVEL TRACK.—Lengths of 4 ft. to 10 ft. were men- 
tioned as being used, but over 50% of the replies advo- 
cate a length of 6-ft. sections for shovel track, fastened 
together with tie bars, and the'rails joined with short 
splices, with one or two bolts each. Many replies stated 
that they used keys in place of bolts to fasten the short 
splices. One form of track mentioned has wrought-iron 
chairs on the joint ties, into which the rail ends fit. No 
splices nor tie bars are used with this particular track, 
and it has the advantage that a single piece of rail, say, 
6 ft. long, is the heaviest thing to handle in moving up 
Another form had the sections with tie bars resting on 
stringers 6 x 12 ins., and the stringers resting on ties and 
blocking as required. 

Standard gage was recommended almost unanimously, 
generally because of ease of movement from place to 
place, and the ability to make use of tracks and sidings 
already laid. Two answers, however, recommended the 
3-ft. gage, for the reason that cars were more easily 
handled on the dumps. 

CARS.—There is considerable diversity of opinion in re- 
gard to the best form of cars, but the majority of the 


replies indicate that for rock or frozen earth flat cars, 
with aprons and stakes to be used with a plow, are the 
best. For trestle filling center-dump ballast cars were 
most approved, and for material which can be handled in 
them side-dump cars of from 14 to 20 cu. yds. capacity 
for use with plows seem most favored. Only a few advo- 
cate the use of small 5 to 7-yd. dump cars. All the re- 
plies received favor the use of aprons with all cars used 
with plows and cables. 

UNLOADING CABLES.—Unloading with plows ‘and 
cables seems to be very satisfactory to practically all who 
answered our inquiries, but a majority considered that the 
use of an unloader and not the locomotive was required, 
in order to secure the most economical working. The 
length given of cable proper to be used varied from 400 
ft. to 2,000 ft. General opinion seemed to be that for use 
with the locomotive alone 20 cars were all it was econom- 
ical to handle at one time, but that with an unloader 30, 
35 or 40 cars, or whatever the locomotive could pull, were 
allowable in a train. Those favoring long trains stipulated 
that the train length should be shortened on a crooked 
road, and all advocated the use of snatch blocks on curves. 

SPREADERS.—About 70% of the members who made 
reply use some form of spreader or bank leveler, but there 
is great diversity in the kinds used. There are principally 
two classes of such spreaders: (1) Those in which the 
wings open downward and outward, with hinges horizon- 
tal, and are handled either by a windlass or air pressure; 
(2) those in which the wings fold against the sides or the 
cars, with a vertical hinge near the front of the car. In 
this class the wings may be adjusted for height. Some 
of the second named class are reported very effective, but 
are a little slow for getting out of the way of trains. 
Those of the first named class, when operated by air from 
the locomotive, seem the best, because of the ease with 
which they can be handled. For quick work in grade re- 
duction, it is essential that they have wings on both sides. 

NEW EMBANKMENT.—The committee endeavored to 
ascertain between what limits various methods of making 
embankments were economical, such as raising the track 
on the filling material, the use of a central core put up 
by team work and widened with the shovel cars, the use 
of filling trestle, etc. In raising track on embankments 
it seems to be good practice to raise only about ¥ ins. at 
a time, if the traffic is at all heavy; and even with very 
light traffic, ‘not more than 12 ins. This method can, of 
course, be used to any height, but it ceases to pe econom- 
ical when a central core can be put up by team work, and 
all widening be done by shovel, without handling track so 
often. 

Where banks are to be over 15 ft. in height, the tem- 
porary trestle for filling seems to be considered to give 
the best results. Instances are quoted where banks 40 ft. 
high, and built several years ago, are giving excellent re- 
sults from the central filling trestle method. These banks 
were built of new material in the fall and winter and put 
into service in the spring. They have settled about 4 ft. 
in all, but the settlement has been uniform, and no ten- 
dency to slide has developed, although the material is 
mostly clay. The drop has no doubt been of considerable 
service in solidifying the mass, and it is thought that the 
piles of the temporary trestle work have also a good effect 
in steadying it. 

Some of our members recommended the putting in of 
the base of embankments with teams, as this would obtain 
the necessary ditches. An ingenious method has recently 
been used on some very high fills. It consists of support- 
ing a truss span, one end on the bank, and one end on a 
movable tower, and using a short train of cars to dump 
from the span and make the fill. The span is moved 
ahead as may be required.* 

SHRINKAGE.—There can, of course, be no uniform rule 
laid down for allowance for shrinkage, as the required 
amount varies so greatly with the material. From 3%, to 
10% is a fair range, and it is recommended that allowance 
for shrinkage be made in width, as well as in height of 
banks. 


W. McNab, G. T. Ry.; C. Dougherty, I. C. R. R.; H. J. 
Slifer, C. & N. W. Ry.; H. Baldwin, C., C., C. & St. L. 


Ry.; C. Frank Allen, Mass. Inst. of Tech.; R. C. Barnard, 
Penna, Lines; H. C. Phillips, A., T. & S. F. Ry.; W. D. 
Pence, Purdue Univ.; J. T. Wilson, P., C. & W. R. R. 


The committee has selected from the topics assigned. 
two subjects for consideration at the annual convention of 
1902, namely, ‘“‘Coaling Stations’’ and ‘‘Water Tanks.”’ 


COALING STATIONS. 


This term is applied to the appliances and conveniences 
which may been adopted for supplying locomotive tenders 
with coal. In its broader sense, it includes tracks, stor- 
age bins, derricks, hoisting engines, coal chutes, and all 
machinery connected with taking coal from cars in which 
it is shipped, and placing it in store for future use, or 
for delivering it either directly from the coal cars or from 
store to the engine tenders. The methods by which this 
work is accomplished are exceedingly various, and depend 
on a great variety of conditions which present themselves 
under different phases and combinations, and render the 
true solution of the economic equation almost impossible. 


*Engineering News, Jan. 16, 1902. 


The principal factors for consideration ma 
enumerated as follows: er 


1. The question of location is 
for consideration. This will 
venience as to the operation of the busine 
road. At terminals and at junction points 
that large coaling plants will be desired 
mediate points on the line, coal must be «. 
motives hauling freight and passenger tr, 
tion may determine largely the nature of ; 
used. Where large quantities of fuel are 
with only a limited amount of room . 
of tracks and buildings, an expensive me, 
may be fully justified. At other points wher 
are small, a totally different style of plan: 
mast 

2. The quantity of coal to be handl i 
influence the character of the seg da 
Where but one or two carloads of coal per 
quired, it is doubtful whether anything bur 
plant should be built that is sufficient to 
ing the coal required in the least possible 
other hand, where from 200 to 400 tons per 
be handled, expensive plants, well-desigied 
and first-class construction will be justified 

3. The cost of operation touches upon the lat 
involving the consideration whether steam ¢: 
chinists and expert mechanics, or crude day |. 
utilized in connection with the operation of +} 
some parts of the country day labor may ty 
proximately one-half the rates which are 4 
others. The rate of wages to be paid to th: 
be an important item. 

4. The amount of first cost, and also of the 
pairs and renewals. It is evident that to » 
comparison of the economy of different piant 
should be reduced to a measure of cents per 
handled, rather than to make a comparison o 
amounts of actual cost and of maintenance 
5. In the same connection, a true compari 
quire a consideration of the interest on the 
investment, and this also should be reduced to 
lent value of cents per ton of coal handled 

6. Complicating with all of the above is th: 
storage. That this is a matter of great impo: 
that it usually receives but little consideratio 
from the amounts which are annually spent 
coal on coal cars, and holding the same on sii. 
coaling stations, rather than constructing suita! 
bins in which the coal may be kept, thus lib 
ears for commercial business. 

7. The kind of coal handled will also influen 
cision—whether it be anthracite or bituminou 
inasmuch as the appliances which are efficic 
kind of coal may be less so for the others. 

8. The facilities which each company has for 
coal to its coaling plants will tend to make th: 
more involved, since coal may be handled eith: 
ears, gondola cars (with stationary or with mova! 
or traps), side-dumping or bottom-dumping cars 
varieties, each of which will have its own influe: 
special modification of plant to be adopted for eco 

In order to determine what progress up to date h 
made in the solution of this problem, your co: 
with the assistance of the secretary, prepared a 
which was sent out to 225 railways all over the 
requesting information as to the “‘recent practic: 
construction of coaling appliances.’’ 

A little over 40 replies only were received to 1! 
cular, and the general indication was that but litt! 
was taken in filling the blanks, it being frequently un‘ " 
stood that an attempt was made to get a description of 
all the coaling plants in use by any given road 
than to describe the most recent or most approved | t 
Very frequently no information was given as to the actua 
cost of operation. No questions were asked as to the 
of maintenance and repairs, etc., nor as to the o: 
cost. It was, however, intended to ascertain, so far a 
possible, the actual cost of operation, and then that t 
cost should be distributed so that it might be show: 
wh>ther, besides, the labor, fuel, supplies, etc., required | 
operation of a plant, there were included any item 
cost of repairs and maintenance of interest, etc. 

In general no details were given of the cost. Out of the 
replies received, 28 companies use coal chutes of one o: 


for th: 


another kind for the delivery of coal to their engines: 2> 
get the coal up to these chutes by means of inclines. A 
few have no better means of coaling tenders than to shov 
the coal directly from the cars, or at least this is to Y 


inferred from the fact that they do not list any bett 
method. Less than one-fourth of the whole number hav 
adopted any of the mechanical appliances for handling 
coal. A large proportion have no improved method {0: 2 t 
storing coal, and of these not all have any machinery , ¢ 
for moving the stored coal either to chutes or to tender t 
for use. ‘But very few make a practice of storing : § 
in any large quantities, but depend either upon storas: 4 f 
in cars, or small piles placed either upon the ground q 
upon storage platforms as the only alternative to hand! 
direct from cars through chutes or otherwise to the te: 
ders. The statements of cost, as already alluded to, a: 
very incomplete, and those that are given are somewh. 
indefinite. The rates named cover a wide range and bu! 
little can be learned from the study of the distributic 
given. It is not made entirely evident that the mechan 
appliances for handling coal are always economica!; 
fact, the least rate at which coal is reported to be handle! * 
in any of these plants is where coal is delivered in dum 
ears, and is dumped directly to chutes, reported to cos' 
only % ct. per ton for the delivery from cars to tanks © 
tenders. 
Accompanying the replies to this circular there we 
transmitted a number of blue prints of various types o! 
coaling plants, and the committee has selected from thes 
certain general types which are illustrated by plates at 
tached to the report. 
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is Central R. R. has at 26th St. Chicago, a yearly, railway companies will be justified in the con- protection is a very important consideration. Depending 
< 


» conveyor plant. Coal is delivered in either one 
track hoppers adjacent to the building. Preferably 
- cars should be used; ordinarily, however, a large 
on of the coal is shoveled from the cars. From 
k hoppers, the coal_js delivered to a conveyor by 
matic device, and carried up by a regular elevator 
b buckets attached to the top of the tower at one 
the coal-chute belting. This elevator delivers the 
a conveyor which runs the whole length of the 
in the cupola above the level of the chutes, 
at one end of the building, and passes through 
tunrel in the floor, ascending again at the other 
ryibutary to the upper run of the conveyor are traps 
its by means of which the coal is delivered into the 

» coal chutes, of which there are 20 on each side of 
:Mding. From these it is delivered direct to the 
Surplus coal not required for delivery to the 
ites is delivered into store, the whole bottom of the 
» beneath the coal chutes being constructed for 
The bottom of the bin is nearly level. The 
taken from store at the end of the pile wherever it 
in the building by lifting movable planking which 
the tunnel in the floor through which the conveyor 
This coal is redelivered to the elevator, which, in 
lelivers it again to the upper section of the con- 
from which it passes to the chutes. This plan has 
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been in operation for approximately three years and ac- 
curate records have been kept as to the cost of its opera- 
tion. It handles cinders and sand as well as coal. A 


summary of the cost of its operation for 18 months is as 
follows: 


Cts. 

Total tons of coal handled, 164,623: per ton 

Wages of coal men unloading coal...... $10,129 6.15 
Repairs of machinery........... »452 

Wages of man operating steam engine. . 900 55 

Total cost....... $12,481 7.58 


The cost of handling coal should be considered also with 
reference to the other work done by this plant, and this 
involves a statement of the cost of handling cinders and 


sand. The following is a summary of this cost: 

Cts. per 
inders received from 56,240 engines: engine. 
Wages of laborers........ ee eee $1,811 3.22 
Repairs of 1.33 

Cost of handling sand: 

Repairs of machinery ................. 116 .20 
Total cost $1,532 2.72 


The follcwing general conclusions may perhaps be safely 
stated: In proportion to the amount of coal to be handled 


struction of more and more expensive coaling plants. The 
simpler types are inexpensive in first cost and in main 
tenance, but more expensive in operation; that is, in the 
cost of labor, and it would be feasible that, with accurate 
information as to cost of original construction, cost of 
operation and cost of maintenance, one could calculate 
with reasonable accuracy at what yearly rate of coal 
handled it would be economical to build mechanical plants: 
but the improvements which are being made from year to 
year in the details of construction and methods of opera- 
tuon of mechanical plants and the lack of sufficient data 
as to the items of cost above named make it impossible 
to give anything more than a general suggestion as to the 
point where the simpler should give place to the more 
complex mechanism. At present it seems probable that 
where a coaling station handles a yearly amount of 50,000 
tons, a well-designed mechanical plant should operate 
economically, and this would be especially true if it should 
be desired to store any large proportion of the total 
amount of coal to be handled. The question of storage as 
already alluded to is a very vital one, and the importance 
of providing storage for coal is evident from the following 
considerations: 

1. It is unsafe to depend entirely upon the daily de- 
livery of coal in coal cars for engine use. The uncer- 
tainties of transportation, the danger of strikes at coal 
mines, and of strikes, riots and other disturbances to 
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upon the climate and the amount of exposure, it is esti- 
mated that in a few months’ time coal will lose from 10 
to 25% of its value as fuel This is partly caused by 
slacking or crumbling to pieces and partly by slow chem 
ical change which goes on In the coal itself. The storage 
of coal in closed bins is frequently objected to on account 
of the risk from fire. It is believed, however, that, by 
taking the precaution to put only dry coal into store, and 
by designing the storage bins in such way that any por 
tion of the contents may be drawn upon at will, also by 
providing means for determining whether the coal is heat- 
ing, these objections may be overcome, 


RAILWAY WATER TANKS 


In February, 1901, special requests for water-tank plans 
were sent to a large number of railroads, but plans were 
not received in time to permit the subject to be presented 
at the convention in March, 1901. The almost universal 
style of tanks now in use is a wooden tub 24 ft. in diame- 
ter and 16 ft. high, supported by 12 wooden posts. Most 
of the plans show tank located near the track and ar- 
ranged to deliver water to engines by ordinary spouts, 
only three or four roads specifying that tank shall be 
placed at most convenient location and water delivered 
through water column. 

Three plans show pile foundations; one cedar posts set 
upon cross-blocking about 6 ft. below surface; two circular 
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transportation, make it almost absolutely essential that 
some storage should be provided for. This in many cases 
is accomplished by having a surplus of coal in transit, or 
held in cars at or near the coaling station and at large 
terminals, where it may be readily available for the com- 
pany’s use, in case of emergency. 

2. The expense of storage of this kind, namely, in cars 
either at coaling points or at terminals, foots up to an 
enormous figure, if we consider the average valuation, or 
equivalent daily rental of each coal car. The approximate 
cost of this service on the Illinois Central R. R. is esti- 
mated at upwards of $500,000 per year. 


8. The coal cars in ordinary service, are most in de- 


mand for commercial business during the fall and winter 
months, and it is desirable to store coal at points remote 
from the mines during the summer months when this 
equipment is not in such great demand, and when the out- 
put of the mines can be transported and stored without 
competition from commercial business. Where coal is 
stored in open piles, either on the ground or upon rough 
platforms, it is expensive to unload this coal at the outset, 
and still more expensive to reload the same and to de- 
liver it to the coal chutes (or directly to tenders) as may 
be desired. This expense can be enormously reduced by 
the use of a proper mechanical plant. 

4. The deterioration of coal stored in open piles without 
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stone walls extending up to bottom of tub; six stone croas- 
walls upon which sills or posts rest; 25 stone pedestals 
under cach post; three concrete pedestals; two specify 
either stone or concrete pedestals; one stone or brick 
pedestal, and one does not specify foundations. Of the 
16 plans specifying depth of foundation, 15 placed it at 
from 3 ft. 6 ins. to 8 ft. The Great Northern Ry. has 
radically departed from the usual aim of placing bottom of 
foundation below the frost line, and specifies one stone 3 
ft. 6 ins. plan by 1 ft. thick under each post. The usual 
construction of tank frame is 12 posts of 12 x 12-in. tim- 
bers. All the plans show al! posts vertical except for the 
Cc. & N. W. Ry. and F. E. & M. V. R. R. There are 
various styles of bracing used which are iljustrated in the 
attached plates. 

The tub in common use is 24 ft. in diameter and 16 ft. 
high. Four roads specify larger tubs. The Mexican Cen- 
tral Ry. has a standard metal! tub, 20 ft. diameter, rest- 
ing upon circular masonry walls. The Texas & Pacific 
Ry. uses a tub of corrugated galvanized steel, supported 
upon wooden frame. The chief engineer of this road 


states that he finds it more satisfactory than a wooder tub 
in the arid and semi-arid regions traversed by the Texas 
& Pacific Ry. and seemingly just as satisfactory upon 
any portion of the line. He says the cost ts about the 
same as for a wooden tub. The plans give quite a variety 
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of roof designs. The accompanying plates of small scale 
drawings show about half of the plans obtained. 

The discharge pipe varies from 6% to 12 ins. diameter. 
The height above top of rail of track end of goose-neck 
varies from 10 ft. 3% ins. to 14 ft. 9 ins. Nine plans show 
overflow pipes varying in size from 2 to 6 ins. Among the 
plans presented, none are given of iron or steel tanks, a 
form of construction which is now coming into use, and 
which may supersede eventually the construction of 
wooden tanks. Tanks of this kind are in use in several 
places by railway companies which are represented 
among the membership of the association. 

H. W. Parkhurst, Ill. Cen. R. R.; A. R. Raymer, P. & 

. R. R.; A. 8. Markley, C. @& E. I. R. R.: C. T. Nor- 
ton, Mex. Int. Ry.; B. C. Gowen, Wis. & Mich. Ry.; E. 
C. Macy, C. G. W. Ry.; H. W. Cowan, Colo. & So. Ry 


MEASURING CLOUD DISTANCES FROM A RAILWAY 
TRAIN, 
By M. Am. Soc, C. E. 
The wonderful cloud effects in the western 
prairie states offer some compensation for the 
absence of mountain ranges and lofty summits. 


time effect certain desired and well-defined results 
it awakens a keen feeling of satisfaction. So it 
does, too, when a number of different things, each 
intended to serve its own particular purpose, bear 
such relation to each other that they may serve 
an entirely different purpose, and one not thought 
of at first. To this order or class belongs the 
answer to the cloud questions. A brief description 
of the conditions that are involved will first be 
given, to be followed by the method of determina- 
tion. 

The spacing of the ordinary telegraph poles 
upon the different railways depends upon the 
number of wires or weight that they have to 
sustain, as well as upon their size, and ranges 
from 30 to 40 or 45 to the mile. But since the 
roads are usually provided with mile-stones the 
distance between the telegraph poles can be read- 
ily and accurately ascertained, and is uniform for 
long intervals. 

The long as well as the shorter tangents upon 
all first-class or trunk line railways are laid down 
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Strangers have frequently been deceived, and old 
residents greatly surprised by the close resemb- 
lance in form and gradations in color. At other 
times the ‘“‘were-wolves” and “swan maidens” fully 
establish and maintain the well-known claims of 
the mythologists. Not infrequently the cloud sur- 
face becomes a map, showing well-defined bound- 
aries for land and sea; here the Straits of Gibraltar 
and a bit of the Mediterranean, there an island 
with a harbor not to be excelled. With such dis- 
plays there comes to the observer the same ques- 
tions that were asked and unanswered when he 
was a child: “How far away are those moun- 
tains?” “What is the distance from that sharp 
peak to the one across the rugged valley?” “What 
scale fits this map of the sky?" “Could a frigate 
enter that harbor?” 

Not “he who runs,” but he who rides, can now 
read with great exactness the answers to these 
questions, When large expenditures of money and 


| Tvb 


Burlingtons Fussouri Lines, 


Nor fo/k & Western Ry. 
_ Central of Georgie Ay. similar Northern 
root 


but hes shingle 
ROOF PLANS FOR RAILWAY WATER TANKS. 
Scale; \%-in. = 1 ft. 


with the greatest care, and are approximately 
true and straight lines. Very little work is done 
in “throwing track” unless the extent of the 
movement has first been defined by the stakes of 
the engineer. With the modern heavy equipment 
great care is also exercised to maintain the cor- 
rect height of each rail and make a level roadbed. 

The recent improvements in platforms and the 
complete vestibuling of trains insures the main- 
tenance of a car very closely in its proper posi- 
tion in a train; that is, the axis of the car coin- 
cides accurately with the axis of the train. This 
may be shown by watching the behavior of the 
platforms and vestibule connections when a train 
is in motion. The glass used in the ordinary Pull- 
man or drawing-room car is generally of excellent 
quality, and transmits the light with very little 
refraction. 

In making practical application of these various 
facts it is convenient, though by no means neces- 
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sary, to have some little acquainta» 
character of the road in question st 
where tangents of some length occu! 
eler should first determine the dista 
the telegraph poles by determining 
per mile as indicated by the mile 
should also note a favorable condit 
spect to clouds, and whether they ha, 
ble motion due to the wind, and this h 
tain by close observation for a mom: nt 
train is at rest. Then at the top of a 
window he should fix upon the glass 
bits of a postage stamp large enough ty 
across the car will do. These spots 
spaced a given horizontal distanc. 
other, say 1 ft. Against the opposit. 


car the traveler may then rest his head 


position that the first of the abov. 
spots, that is, the spot nearer the engin. 
a line with his eye and some vw. 
point upon the cloud surface, 7), 
taining position steadily he 
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serve that this spot appears to mov: 
steadily and uniformly across the cloud-sky. A! 
the initial moment he will note the passage of 4 
telegraph pole past the line of vision, numbering 
it zero, of course, and continuing the count. Grad 
ually the second spot on the window pane in 
horizontal movement approaches the point up! 
the cloud surface which had been first observ: 
and when it coincides exactly with this point ‘hi: 
count ceases. 

Let it be supposed that SO poles have bee! 
passed in this interval of time, and that the spac 
ing of the poles had been ascertained to be 150) f' 
This would give 12,000 ft., as the observed dis 
tance between the two points of observation a- 
projected against the sky, and this immediate!) 
becomes a unit of measure for the determinatio: 
of cloud dimensions at the observed elevation 

The distance of the cloyd itself from th: 
point of observation may ‘be quite accurately de 


, 
if 

Hh 

NN HIF? 4 Ni 

fetter Plon. (>) Top Joist Plan, 

t | “4 A 

: 

| 

Tw b, 2O+16 = 


\larch 27, 1902. 


ENGINEERING NEWS. 


ined by noting the width of the car, if the full 
ith were used, which will be found to be about 
from the eye of the observer to the window, 
h the assumed spacing of 1 ft. nine would 
he ratio for determining the actual distance 
ow 9 <= 108,000). It may be noted that this 
‘It is obtained as precisely as it would be if the 
-eler had been seated upon the cloud and made 
ryation upon two points on the earth 12,000 
ipart, with vertical stadia lines in a tube 
iong. The accuracy in this will be apparent 
iny one accustomed to stadia measurements. 
i. well known that in a flat country the dis- 
horizon closely coincides with a level line at 
point of observation. A measurement from 
of the points above referred to down to the 
e| of the horizon, and the use of this measure- 
nt in a simple calculation insures a fairly ac- 
irate determination of the height of the cloud 
at has been observed. 
As often happens when the truth is applied to 
ibjeets about which we are somewhat in doubt 
a little hazy, curious results follow such obser- 
The comfortably disposed “swan maiden” 
near the horizon may prove to be eight or ten 
miles in length, while the channel in the cloud map 
hat seemed to the imagination wide enough for 
. fleet, would scarcely permit the entrance of a 


wit 


torpedo-boat destroyer. Besides it may be of 


passing interest to the engineer to think that the 
-kilful and accurate work done upon the surface 
f the earth can be noted, even though fleet- 
ingly, at a higher elevation. 

In the accompanying diagram, Fig. 1, let the 


The lines E M and E' C are parallel, and are in- 
tersected by the straight line E C. By geometry we 
know that the angle E' C E is equal to the angle 
C EM or A E B, thus giving all the data neces- 
sary to determine with theoretical exactness the 
distance E C. 

In Fig. 2, let E A represent a vertical section 
of the car; C the position of the cloud and H the 
horizon. Then a line from the eye of the observer 


| 
E 
Fig.1. Plan 
Fig.2. Elevation . 


Diagram Illustrating the Measurement of Cloud Dis- 
tances from a Railway Train. 


to the horizon may be supposed to leave the win- 
dow at the point P, at some distance below the 
point A, first fixed upon the window, which dis- 
tance can be determined by measurement, and 
may be called K. The distance E C being known, 
the distance C H would be roughly indicated by 
the expression E C x K Y, thus giving approxi- 
mately the elevation of the cloud above the sur- 
face of the earth, 


Fig. 1. View Showing Completed Pier and Timber Forms for Pier Under Construction. 


irrezular outline E A B represent a portion of a 
car in the position it occupied at the commence- 
ment of the determination, and the figure E’ A B 
represent its position after the determined dis 
tance of 12,000 ft. had been passed over. The 
points A and B are fixed, as above described, 
upon the window. C represents a well-defined 
cloud point. Now, by reason of the movement 
of the car, the line E C advances to the position 
of the dotted line E’ N and the line E M to the 
position of the dotted line E’ C. The distance be- 
tween C and N or C and M thus becomes known 
by direct measurement as 12,000 ft., the distance 
passed over by the car. This becomes the unit of 
measure or scale by which dimensions of neigh- 
boring clouds and spaces of clear sky may be de- 
termined with a fair degree of accuracy. 


three minutes when a train is running at a fair 
rate of speed. 


HIGH CONCRETE PIERS FOR RAILWAY BRIDGE ACROSS 
STONE'S RIVER; TENNESSEE CENTRAL RY. 


We illustrate in the accompanying cuts the con 
crete piers recently built to carry a three-span 
bridge across Stone's River, on the Tennesse: 
Central Ry., near Nashville, Tenn These piers 
were designed to carry a channel span of ZOO ft 
and two side spaas of 65 ft. each, and they are 
each 651, ft. from the bottom of the foundation 
to the top of the coping, which places them among 
the highest solid concrete bridge piers ever con 
structed The Chief Engineer of the Tennesse: 
Central Ry. is Mr. F. M. Bisbee, and the piers 
were built by Mr. Franklin G. Power, Civil Engi 
neer and Contractor, of Atlanta, Ga We have 
received the following description of the work 
from Mr. Power 

rhe piers supporting the channel span, as shown in the 
illustrations, are 6 ft. G ins. from bedrock, upon which 
they are built, to bottom or coping, and they have a 
coping of concrete 2 ft. thick, making a total height of 
5 ft. ins. from foundation to top of coping The size 
under the coping is 24 ft S ft.. and the sides are con 
structed with a batter of half an inch to the foot T he 
pDiers were built as follows: 1 part of Old Dominion Port 
land cement, furnished by the Hartranft Portland Cement 
Co., of Philadelphia, Pa.; 3 parts of clean sharp sand, and 
* parts of broken stone to pass through a 2-in, ring 

The work was constructed in forms which were. built 
up as the work progressed rhe concrete was placed in 
ti-in. layers and tamped thoroughly until the water began 


Fig. 2. View Showing Completed Pier and Hand-Propelled 


‘Stern Wheeler’? Used for Transporting Men and Material. 
FIGS. 1 AND 2. CONCRETE PIERS FOR 200-FT. CHANNEL SPAN OF TENNESSEE CENTRAL RY. BRIDGE ACROSS STONE’S RIVER. NEAR 


NASHVILLE, TENN. 


It might be remarked that on account of the 
slight rolling and vibratory movement of the car 
there will be some shifting movement of the point 
upon the window as projected against the sky, 
in much the same way that a slight wind inter- 
feres in turning angles with a transit. But every 
engineer knows that fairly accurate work can be 
done under such circumstances by selecting ap- 
proximately such a position for the staff that the 
cross line vibrations will be of about equal extent 
upon both sides of it. The same principle controls 
in this case. An observer may be surprised by 
the steady movement of the projected point upon 
the surface of the clouds, and by the rapid move- 
ment, too, when the clouds are comparatively 
near. The time required for such a determi- 
nation is, of course, very brief, inside of two or 


to rise upon it and it began to quake. The work was 
carried on from day to day as any other stonework 
would be, only in cases of rain or freezing weather. the 
last course which was put on at night was thoroughly 
cleaned of atiy loose or damaged cement and then primed 
with neat Portland cement before laying concrete the next 
morning. The work when completed showed a monolithic 
mass, and after, having set for three months, ‘ rings under 
the hammer’ like solid rock 

The coping and 2 ins. of the exterior surface of the 
piers were formed of a concrete made in the following 
proportions: I part Old Dominion Portland cement, 2 parts 
of sand, and 4 parts broken stone to pass through a %-in 
screen. This was put in place by using a slip-board be- 
tween the interior mixture and the outer forms and pull- 
ing out this board after placing this mixture, then tamping 
the whole to make a perfect bond. Both the interior and 
exterior mixtures were carried up evenly at the same time 
in 6-in. courses, 
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The third annual convention of the American 
Railway Engineering & Maintenance of Way As- 
sociation, which was held in Chicago last week, by 
its attendance and the general interest manifested 
promised well for the future development of this 
association, but indicated also that the Board of 
Direction needs to pay still more attention to the 
organization and work of the association’s com- 
mittees. The technical work of this association 
is done through 15 standing committees, only two 
of which failed to report, but the 13 reports pre- 
sented were of very varying character and qual- 
ity. Some few were really the work of committees 
which had held regular meetings for the discus- 
sion of their particular subject. Others were 
largely compiled from correspondence, others 
were compiled from the work of sub-committees, 
and still others were one-man reports. Those of 
the last type, as well as some of the others, de- 
veloped, when presented, considerable differences 
of opinion among the members of the committee. 

Some impatience has been expressed at the slow 
progress made by the association in the adoption 
of standards and recommendations, and it has 
been urged that unless such action is taken the 
reputation of the association will suffer. Such 
criticisms, however, are ill-advised. The associa- 
tion is young, and it will be wise to make haste 
slowly in making formal recommendations and 
adopting standards, especially in view of the hur- 
ried preparation of some of the reports. When 
we consider the work of the other and older asso- 
ciations of similar character, it will be very easily 
seen that such action, where it means anything, 
has followed long and careful investigation. The 
difficult work for the next few years will be in or- 
ganizing committees whose members will under- 
take the work expected of them, and in regulating 
and controlling the work. In the past, the com- 


mittees have been composed of members selected 
from various parts of the country, for the special 
purpose, as stated by the President at the meet- 
ing, of arousing general interest. While this ob- 
ject has been accomplished, this plan has the 
objection of making it difficult for the members 
to attend the meetings of their committees. One 
committee, with a chairman in the west and a 
vice-chairman in the east, adopted the plan of 
holding separate meetings under the direction of 
both the chairman and the vice-chairman, the 
reports of proceedings of these meetings being 
sent to all members. The President intimated 
that in future the plan will be to follow this plan 
generally, but to localize the members of each 
committee, so that they will be within convenient 
reach of one or other of these officers. 


We are strongly inclined to doubt the wisdom 
of the plan thus far followed by this society of 
confining its technical proceedings to the pre- 
sentation and discussion of reports by its stand- 
ing committees. The “‘committee report” plan of 
work has been largely adopted by technical so- 
cieties in the railway field; but we know of ab- 
solutely no reason for this except the conserva- 
tism that clings to past precedents. When rail- 
way technical associations were first organized it 
was virtually impossible to get individual mem- 
bers to present formal papers, and somebody hit 
on the scheme of appointing committees to report 
on various topics, in order to fill up the program, 
and present subjects in form for discussion. That 
system has been perpetuated in all the railway 
organizations since, and it is time that some of 
these societies woke up to its defects and accumu- 
lated sufficient independence and originality to 
abolish it. 

Let us say at once, however, that we have noth- 
ing at all to say against the committee plan of 
work, where the work is actually demanded and 
done. What we condemn is the committee, re- 
port, which is in reality entirely the work of one 
man, and to which the rest of the committee at- 
tach their names in a perfunctory way. Such a 
document is not what it purports to be. It fails 
on the one hand to give its real author the credit 
which is his due; and on the other hand it sends 
out to the profession one man’s opinions and 
ideas, under the guise of a consensus of opinion. 
We do not exaggerate when we say that the ma- 
jority of the reports before the railway associa- 
tions are prepared in the way above set forth. — 

If the Maintenance of Way Association would 
reduce by one-half the number of its standing 
committees and set the remaining half (with, per- 
haps, some special committees appointed to report 
on a definite subject) at work in limited fields, it 
would improve the character of its work. 


The loading of freight cars to their full carrying 
capacity is well recognized as tending to an impor- 
tant economy in transportation, and various meth- 
ods of ensuring full loads have been devised by 
railway companies and associations. A somewhat 
serious obstacle, however, which is not generally 
understood by those not familiar with the traffic 
and transportation departments of railway ser- 
vice, lies in the fact of old-established customs 
in loading, which in a way resemble the various 
local weights and measures which were sv 
troublesome until a few years ago. As will be 
seen by a discussion quoted in another column, 
there are “commercial” carloads established by 
custom without regard to car capacity. Thus, so 
many barrels or bags of a commodity are con- 
sidered as a “carload,” although they give the 
ear but half its rated capacity, and considerable 
difficulty is experienced in persuading shippers 
to load larger quantities per car, because in so 
doing-they depart from the custom. It is certainly 
a curious and incongruous situation that at a time 
when railways are increasing their car capacity 
and there are numerous complaints of a car fam- 
ine, shippers are regularly taking two cars to 
carry a load which might ‘readily be carried in 
one car, with benefit to all concerned. ~ 

The advantage to the public, as well as to the 
railways, of co-operation among the different com- 
panies to remedy abuses of this sort is too obvious 


to require proof. As noted elsewhere, an | 
in the minimum carload weights of grain 
has already been ordered by the Officia! c 
tion Committee. 

The contribution printed elsewhere ;; 
sue upon determination of cloud dista 
not received during the most favorable - 
the year for such observations in this 
The quiet autumn or Indian summer da 
offer better opportunities than those 
March, nevertheless some of our reader 
tant lands may peruse the article under c 
favorable to experiment. 

It is evident that the method deserib«.j 
applied also to the determination of a 
from the car to objects in the landscape, s) 
well-defined mountain peak or spire or s: 
of any sort upon the horizon, and at righ: 
to the line of travel. 

Our contributor, on request, supplemen: 
paper with a simple geometrical explan;: 
his method, which is closely related to . 
those used in astronomy, where the obse; 
not carried forward and guided by artificia| : 
It might be difficult, however, to cite anot; 
stance, except in observatory work, whe: 
traverses and measures a base line, and 
same time measures the opposite angle in th 
angle of which the base line is a part. 


The latest argument against the use of 
meters, which is at the same time a highly 
inal contribution to our knowledge of al! 
bacteria conveniently classed as ‘disease ger: 
is the joint product of a citizen of Minn: 
and a Cleveland newspaper. As we have r- 
recorded, the present authorities of Cleveland | 
entered upon a vigorous campaign for the j) 
duction of water meters. The Cleveland “Lea 
has published a letter “from a man in Minn 
lis” who proposes to remove to Cleveland. sta: 
that in Minneapolis the water meters 


form a hid‘ng place for all the disease germs which 
be in the water, and that the meters become fou! \ 
vegetable and organic matter very often if there 
way to flush them. 

A person with a vivid imagination can pictu 
disease germs not only hiding, but also play: 
hide-and-seek, or even tag, in water meters. |) 
commenting on this alleged new danger fr: 
water meters, the editor of the “Leader” says 

At least Superintendent Bemis should get an exy: 
opinion, if possible, that will reassure the people. 

It might be well to have the expert give an oyi: 
ion, also, upon the probability of the bacterin 
antics suggested above causing over-registrat 
of the meters! 


In discussing the placing of responsibility fo 
accidents, in our issue of March 13, we alluded t 
the official investigations of boiler explosion- 
which are made in Great Britain under the dirs 
tion of the British Board of Trade. We find sum 
maries of two such recent investigations, in th: 
“Board of .Trade Journal” of March 6, and i: 
may be of interest to give an account of then 
here. The first case was a boiler on the steam 
ship “Dungonnell.” The vessel had been underg: 
ing a survey, and after its completion a sludge 
hole cover was put on with round packing, «! 
*4-in. diameter. Two days later steam was raised 
and at 50 Ibs. pressure part of the packing aroun: 
this sludge-hole blew out, filling the engine ani 
boiler rooms with steam and scalding to death tw: 
firemen. The court decided that the explosion 
was due to the neglect of the Superintending En 
gineer, in making the joint with round instead o! 
flat packing; but in view of the common use of 
such packing, the court acquitted him of blame 
At the same time, they called attention to an ex 
plosion in i898 due to the use of round packing 
and intimated that in case another explosion 
from this cause should occur, the person respon- 
sible for the use of round packing could not be 
held free from blame. 

The second case investigated was an explosion 
on a locomotive operated by a coal mining com- 
pany. The copper fire-box bulged inward, pulling 
off seven stay-bolts, and the engine-runner and 
fireman were scalded. The cowet found the ex- 
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‘n to be due to the fire-box being improperly 
:. and also that the supervision of the boiler 
not satisfactory, no one person being respon- 
ror repairs to locomotives. ; 
. court found that the explosion was contrib- 
to by the neglect of the foreman boiler- 
r, colliery enginewright, colliery manager, 
an fitter, and engine fitter, and for this neg- 
he company was responsible. They further 
ed the company to pay the sum of £50 to- 
s the cost and expenses of the investigation. 
division of responsibility on which we laid 

in our article of two weeks ago is well 

‘rated in this second case above noted, and 

first case admirably illustrates our conten- 
that official investigations to determine the 
of accidents are urgently needed. The les- 
f this accident is to avoid the use of round 
ing, and the public record of this by the offi- 
investigation makes this lesson available to 

«ho will heed it. Under our American system, 

ever, hiding and keeping secret every detail 
ected with an accident, most of these “‘teach- 
of experience” are forever lost. 


, BIRD’S-EYE VIEW OF CONDITIONS IN THE IRON 
AND STEEL INDUSTRY. 


ror many years the “Directory of the Iron and 
Stee] Works of the United States,” issued at bi- 

nnial periods, has been the standard work of 

‘erence in its field. The last edition was issued 

1898, and a new edition was due, therefore, in 
1000. But when the time came to collect the in- 
‘ormation for a new edition, the iron trade of the 

suntry was in a vondition of upheaval without 
precedent in the annals of industry. Consolida- 
tions, options and deals of every sort were the 
order of the day. No man was prepared to give 
information concerning works which might a 
week hence be transferred to another firm. It 
looked at one time as if consolidations were to 
continue until the entire iron and steel industry 
ff the country would come under the control of 
a single mammoth corporation. In 1901, however, 
there came a lull in the progress of consolidation, 
and it became evident that the industry had 
reached a condition of at least temporary stabil- 
ity. Work on the preparation of the Directory 
was, therefore, resumed; but there were still so 
many changes in progress that the book which 
was at first intended to be issued by Nov. 1, 1901, 
was not actually published until the first of the 
present month. 

Few men, unless they are closely connected with 
the iron industry, have.kept in touch with all the 
changes which the consolidations, heralded in the 
newspapers from day to day, have finally created. 
It is of no small interest, therefore, to obtain, by 
means of the book before us, a bird’s-eye view of 
the iron and steel industry; and to compare the 
present situation with that of four years ago. 

Undoubtedly the question of greatest interest 
relates to the position which the United States 
Steel Corporation has attained. To what extent 
has it secured the monopoly which it aimed at? 
How far can it go in compelling purchasers of 
iron and steel to accept the prices and terms 
which it makes? 

Notwithstanding all the fine-sounding deliver- 
ances of United States Steel officials, concerning 
their philanthropic intentions we have yet to see 
the purchaser of iron and steel who did not prefer 
to rely on competition to protect him from the 
exactions of the monopoly. If the United States 
Steel Corporation controls the whole industry, it 
can charge what prices it pleases for its products 
and tax the public indefinitely whatever it needs 
to pay dividends on its enormously watered stock. 
If, on the other hand, there is a considerable num- 
ber of outside producers, there will be some 
chance for competition to bring prices back to a 
reasonable figure at no distant day. Therefore, 
the question what producing capacity is still out- 
side the Steel Corporation assumes very large im- 
portance. 

Turning to the book before us we find the first 
68 pages devoted to the record of the U. S. Steel 
properties. Then follows 83 pages devoted to the 
record of other consolidations. Farther on in 
the book, in the complete list of furnaces and 


mills, is found ample evidence of the extent to 
which new tron manufacturing enterprises have 
been pushed forward during the past two years. 

It may be of interest to briefly enumerate some 
of the very large producers of rolling mill prod- 
ucts which are outside the United States Cor- 
poration. Taking them in the order given in the 
book, we have, first, the Republic Iron & Steel 
Co., with 6 blast furnaces, 27 rolling mills and 
steel works, and a total annual capacity of over 
1,000,000 tons of rolled and forged products. Next 
comes the Lackawanna Iron & Steel Co., with old 
works at Scranton of nearly a million tons ca- 
pacity and new works at Buffalo, soon to be put 
in operation, designed to be the equal or superior 
of any plant in existence in economical produc- 
tion, and to have a total capacity of 1,250,000 
tons. Next are enumerated a number of compar- 
atively small concerns: The Phoenix Iron Co., the 
Glasgow Iron Co., the American Iron & Steel 
Manufacturing Co., the Susquehanna Iron & Steel 
Co., and the Lukens Iron & Steel Co. The total 
annual capacity of all these will amount to nearly 
a million tons of rolled or forged products. Next 
comes the Pennsylvania Steel Co., with a possible 
output of about 800,000 tons, at its two works at 
Steelton and Sparrows Point. Then comes Cam- 
bria with over 600,000 tons output, and then 
the old firm of Jones & Laughlin’s with 725,000 
tons. 

Next are enumerated some formidable new com- 
petitors in the Pittsburg district. The St. Clair 
Steel Co., has works nearly completed on the Mo- 
nongahela, 20 miles above Pittsburg, which will 
be able to turn out 300,000 to 350.000 tons. The 
Sharon Steel Co., with its entire plant built since 
the organization of the United States Steel Cor- 
poration, can turn out 300,000 tons of rolled prod- 
ucts, is an active competitor in the wire industry, 
and is building a wrought-pipe plant of 120,000 
tons capacity. The Wheeling Steel & Iron Co. can 
produce from its four rolling mills some 375,000 
tons, and is also building a new tube mill, of 75,- 
000 tons capacity. 

Of concerns in more remote sections of the 
country we may note the Tennessee Coal, Iron & 
Railroad Co. and the Colorado Fuel & Iron Co.. 
with an aggregate capacity of perhaps 700,000 
tons. 

A rough addition of the above figures shows that 
the companies above enumerated, all of which are 
outside the United States Steel Corporation, have 
an aggregate annual capacity of over 7,000,000 
tons of rolled and forged iron and steel products. 

But this by no means tells the whole story. 
The concerns listed above are only those which 
have been listed by the editor of the book before 
us, under the head of ‘‘consolidations.”” While this 
list includes the “giants,” the detailed list of fur- 
naces and rolling mills shows a large number of 
small concerns whose aggregate output amounts 
to a very considerable figure. And with the at- 
tacks of these Lilliputians, as well as of their 
large brethren, Gulliver will have to reckon when 
the test comes. 

There is, of course, nothing surprising in all 
this. During the past four years, well-located 
and well-managed works in every branch of the 
iron and steel industry have been making enor- 
mous profits. The demand has been so great that 
the product has been sold with little trouble and 
expense. Such conditions were bound to stimulate 
the building of blast furnaces and steel works and 
rolling mills; but in addition other influences were 
at work. A huge amount of new capital was 
poured into the steel industry by the financiers 
who effected the recent consolidations. Not a 
small amount of this capital went into the pock- 
ets of men who immediately set to work to invest 


“their money in new works to compete with those 


which they had just sold. Nor did these men 
lack financial assistance. Money for new steel 
enterprises has been easy to obtain, and the de- 
sire of banks to secure new customers to take the 
place of those whose plants had been swallowed 
by the combine has made the financing of these 
new enterprises an easy task. 

Another most potent cause has operated to fos- 
ter the building of iron and steel works. Among 
the largest users of iron and steel are great and 
wealthy manufacturing concerns, and these have 


not relished the prospect of entire dependence on 
a monopoly for their raw material, no matter how 
ably such a concern might be managed. Not a 
few such concerns have quietly made provision 
against future contingencies. There has been a 
notable tendency among firms which formerly 
purchased steel in partially finished forms to pro- 
vide their own furnaces and blooming mills or else 
to secure an interest in some independent plant 
which could be controlled in case of need. 

As we stated above, the last preceding issue of 
the Directory gave figures for April, 1898S. The 
present edition gives figures for November, 1901 
At the first-nmamed date the annual capacity of 
the blast furnaces of the United States was set 
at 18,000,000 gross tons, At the present time this 
capacity has been raised to 24,000,000 tons, an in- 
crease of one-third in less than four years In 
the steel mills the capacity of Bessemer converters 
has been raised from 10,683,000 tons in ISS to 
13,000,000 tons in 1901, while the open-hearth fur- 
naces show the astonishing growth from 3,500,000 
tons in 1898 to 8,300,000 tons in 1901. 

The question which is universally asked is, how 
long will the present enormous and abnormal con- 
sumption of steel continue? We have to go no fur- 
ther back than the four years from 180% to ISY7 to 
find a time when a producing capacity less than 
three-fourths that existing at the present time 
was largely idle for lack of demand. Doubtless a 
steady increase in consumption of iron and steel 
is to be expected; but the sudden jump from the 
stagnation of 1897 to the boom of 1901 is not 
natural growth, but temporary and extraordinary 
fluctuation. To every such action there must cer- 
tainly succeed a reaction, which, if not exactly 
“equal and opposite,” as described in the text- 
books on mechanics, will yet be measured in in- 
tensity by the height reached in the first move- 
ment. 

There is still another reason why supply and 
demand must soon be equalized in the iron trade, 
and that is the rate at which productive capacity 
is still being augmented. The Directory gives a 
summary which shows that on Nov. 1 last there 
were in the United States 12 blast furnaces under 
construction, while 7 more were projected. There 
were also no less than 2S rolling milis and steel 
works in process of erection, while six more were 
projected. In open-hearth steel manufacture the 
whole United States showed 403 furnaces com- 
pleted and 46 under construction, or enough to 


:inerease by nearly one-eighth the annual output 


of this class of steel. 

Certainly with such huge additions to producing 
capacity, it can be no long time before the supply 
of steel will again be in excess of the demand. 
Under such conditions, with mills hustling for 
orders, and buying falling off (as always happens 
on a falling market), what can prevent prices and 
profits in the iron and steel industry returning to 
a normal basis? 

We do not say this will happen at once. Very 
likely the Steel Trust and its competitors will 
form pools to restrict production and maintain 
prices as long as possible; and further consolida- 
tions may take place. So long as these abnormal 
prices and profits continue, however, so long will 
there be found men ready to build works which 
can either be run so as to pay for themselves in 
a very few years, or else can be sold to the trust 
at a large advance on their cost. The trust can- 
not indefinitely pursue the plan of buying out its 
competitors at an abnormal price, and watering 
its securities to pay the bill. Sometime the pro- 
cess of dilution must come to an end. 

Even if it were possible, moreover, for the 
United States Steel Corporation to maintain an 
absolute monopoly, it is not believable that the 
public would long endure such a condition. The 
public oppos‘tion to the huge consolidation has by 
no means been removed. It has enly been tem- 
porarily disarmed, partly by the fact that the 
monopoly has not yet made use of its power to 
interfere with the natural course of prices, as 
determined by the laws of supply and.  de- 
mand and partly by the knowledge that outside 
competition has by no means been eliminated 
from the steel industry. If these conditions change 
the public will certainly find means to protect 


itself. 
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LETTERS TO THE EDITOR. 


The Construction of the Forbes Hill Reservoir and Stand- 
Pipe at Quincy, Mass.—Correction. 


Sir: On page 219 of your paper of March 13, luz, ap 
pears a table of sizes of sand boxes and stone boxes 
which kindly explain. What are the depths of the stone 
boxes, and are the boxes proportioned to the amounts 
given in Table Il., or are they intended for batches of 
four bags of cement? Also in Table Il. should not class A 
read: 1:2%:4? Yours truly, 

Olaf Helweg 

Navy Yard, League Island, Pa., March 17, lw 

(We have received from Mr, C. M. Saville, M 
Am. Soc. C. E., author of the article in question, 
the following answers to the questions asked by 
Mr. Helweg.—Ed.J 

Sir: The stone boxes were 8S ins. deep and were propo! 
tioned to the amounts given in Table II., i. e., for the 
mixture, 1:2:5. The quantity of stone per 
batch or barrel of cement was 3.7 cu. ft. (specified con 
tents of a cement barrel) « 5 15.) cu. ft. The gage for 
this quantity of stone was 5 ft. long, 5 ft. 6% ins. wide 
(instead of 6 ft. G& ins., as given in the text) and S ins 
deep, and had a capacity of 18.51 cu. ft. In the table of 
sizes of sand and stone gages, given on page 21%), the 


Class 


“volume in cu. ft is the theoretical amount required for 
the specific mixture of concrete As the men who made 
these gages were not master carpenters, as few and simple 
dimensions as possible were given them to work from, and 
the contents of the gages vary a few hundredths of a 
cubic foot from the theoretical quantity. The resulting 
mixture is uniform, however, which it would not be if 
barrels from which the cement had been taken had been 
used as gages 
Regarding the second inquiry: The proportions of the 
Class ““A" concrete at the head of Table Il. should read 
1:2%:4, as stated in the text in the first paragraph under 
Concrete Masonry Very truly yours, 
C. M. Saville 

Boston, Mass., March 20, 102 


The Pecos Valley Rock-Fill and Earth Dam, Near Eddy, 
N. M. 


Sir In your issue of March 20, you publish a lette 
from “‘Western Engineer,” celling attention to the fact 
that in my book on “The Design and Construction of 
Dams,” 4th edition, | show the water on the wrong side 
of the Pecos Valley Dam No. 2; viz., on the side of the 
rock-fill instead of on the side of the earth-fill 

On page 125 of my book on dams, | state that most of 
the information given about rock-fill dams was taken 
from a very valuable report on “‘Reservoirs for Irriga- 
tion,’ by Mr. James BD. Schuyler, M. Am. Soc. C. E., 
which was published in Part 4 of the Eighteenth Annual 
Report of the United States Geological Survey. The 
diagram in my book showing the Pecos Valley Dam No. 2 
is an exact reproduction of the one given by Mr. Schuyler 
in this report, 

The report does not state on which side of the dam the 
water is. While “Western Engineer” is no doubt right in 
saying that the impervious earth-filling should be on the 
water-side of the dam, | have found in my studies of dams 
more than one case where a dam might have been re- 
versed to advantage from the position in which it was 
constructed, making the down-stream side the up-stream 
one, It is quite conceivable that an engineer might con 
struct an earth bank against the down-stream side of a 
rock-fill dam to stop leakage 

Some time ago a Western engineer, possibly your corre 
spondent, wrote a letter to my publishers; Messrs. John 
Wiley & Sons, drawing their attention to the fact 
that one of my diagrams showed the water on the wrong 
side of a Western dam. Unfortunately, this letter was 
lost, either in my publisher's office, or in mailing to me 
and I did not know, therefore, where | had made an error 

1 must thank you for drawing my attention to this 
matter by publishing the letter from ‘‘Western Engineer,’ 
and will have my diagram corrected in the next edition of 
my book. Yours very truly, 

E. Wegmann 
Katonah, N. Y., March 22, 


The Non Continuous Swing Bridge Again. 


Sir: Some 23 years ago the writer discussed with other 

ngineers the various general methods by which swing 
bridges could be made non-continuous, viz: (1) by the 
toggle point C DC, (2) by the pulling bars C C, (3) by 
spreading B B,, (4) by lifting whole span under B B, (5) 
by lifting the ends A A. 

The first method can be operated by screws, wedges 
or preferabl? rams; the second can be operated by a right 
and left screw with a worm, pinion or other device; the 
third by hydraulic rams; the fourth by rams, as at Rari- 
tan Bay; the fifth by rams, toggles or wedges. The late 
™. Shaler Smith prepared a plan, and I think built it. 
on the first method, and I am under the impression that 


the fifth was employed at the Westport bridge on the 
New York & New Haven R. R. The Raritan bridge was 
discontinuous when closed and I believe worked very 
satisfactorily. 

After a careful study of these various methods both 
from the points of view of the mechanical details and the 
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required time and power to operate, I concluded that for 
bridges of any magnitude the fourth and fifth methods 
only were satisfactory. 

If Mr. Worthington succeeds in making his plan work 
satisfactorily he will deserve great credit, but I think he 
does not give his own design as severe a criticism as he 
would undoubtedly do in other cases. 

The friction on his screws, hinge joints and toggle-bars 

will be very heavy. His estimate of 20% friction requires 
lubricated joints with low pressures. As he quotes 
Unwin, allow me to also quote him: 
' There are cases in which pressures, even of a ton or 
more per sq. in., are carried by lubricated journals 
without danger of seizing. In most of the cases where 
excessive pressures are carried, it appears that the pres- 
sure is intermittent or reverses in direction so as to come 
alternately on the two brasses. In such cases it is con- 
ceivable that the oil finds a way in during the relief of 
pressure and is not squeezed out in the short period in 
which the pressure acts.” 

Also, in the same table, where Mr. Worthington gets 
his 3,000 Ibs. on ‘‘crank pins of shearing machines,” 
he-will find that the highest pressure given for the recip- 
rocating joint is ‘‘crank head neck journals, 1,200 Ibs.”’ 

I have no other interest in this matter than a profes- 
sional one, and having pointed out that part of the prob- 
lem where the real design comes in, I will drop the sub- 
ject. Old Fogy. 

New York, March 14, 1902. 

(The diagram which should have accompanied 
this letter was omitted in printing it last week; 
it is therefore reprinted.—Ed.) 


Another Reflection on the Luxemburg Bridge. 

Sir: While examining the Luxemburg Bridge plans, 
shown in your issue of Feb, 27, I was impressed by cer- 
tain details of design which appear to me to be very far 
from pleasing to the eye, and incidentally from inspiring 
confidence, as to the safety of the design, in the mind of 
any careful observer other than an engineer. As briefly 
us possible I wiil describe the impressign conveyed by 
said details, at the same time risking a guess that they 
must have been noticed by other readers of your journal 

The details in question are the abutments. Referring 
to the enclosed sketch, it will be noted that the portion 

A has the appearance of a 
stone column that is bending 
under the combined weight of 
the. wall B, and the long 
= column C with its load of 
superstructure. The height 
of the column C assists the il- 
lusion considerably, and the 
most vivid impression con- 
veyed to the mind at the first 
glance is that the column A 
— will come crashing down any 

Baa second under its load. 

= This criticism is made from 

a layman's viewpoint, and is 
. merely a matter of taste in 

design. In all engineering 

structures, such as this and 
other large masonry arches, every effort should be made 
to secure a happy combination of both strength and 
beauty in the design. Engineers should bear in mind that 
the only standard by which the layman measures any 
engineering structure is that ‘it looks right.’’ 

Your suggestion in regard to the design of the abut- 
ments, as shown in Fig. 2 of your editorial comment on 
this bridge, is certainly very pleasing to the eye, and has 
the appearance of greater strength than the actual design 
In fact, the whole editorial is an able treatment of the 
subject at issue. It is to be regretted that such a noble 
monument to engineering ability and boldness as is the 
Luxemburg Bridge should be marred by a lack of taste 
in the designing of an important detail. Yours truly, 

H. F. Wilson, Jr. 


Birmingham, Ala., March 11, 1902. 


Some Reasons for Building the Luxemburg Bridge of 
Stone Masonry. 

Sir: Having been a reader of your valuable paper since 
my arrival in this country about 18 months ago, and 
being also a native of Luxemburg, I was much interested 
in the description and criticism of the Luxemburg Arch 
which appeared in your issues of Feb. 27 and March 6. 


It may be of interest to your readers to 
the reasons which influenced the engineer. 
in adopting stone masonry. At the outse: 
that since Luxemburg is one of the great 
centers of Europe, there was a Strong party » 
a metal structure. Nevertheless, 
finally adopted. 

The city of Luxemburg possesses a 
viaducts, all built of stone during the 
ith century. It seemed more in keeping 
build the new bridge of masonry, and it » 
great arch span shows the advances mad: 
constructing masonry bridges in a Striki: 
compared with the neighboring viaducts 
struction. Luxemburg has excellent stone 
tered over the country, the products of wi 
Germany, Belgium, Holland and France I 
is a splendid advertisement for these quar 
of its location, Luxemburg is a famous tou 
these tourists the bridge is a new attra 
engineering work fitting admirably in its sy 

1 do not think that the cost of the ston: 
much greater than the cost of a steel aro} 
greater part of the stone required—about 17 :« 
is found almost on the spot. For the stee! 
and erector the bridge would be a compa: 
job, but for the stonemasons it is a very 
Moreover, if the bridge were built out of 
pany would have received all the money, and 
holders of the large steel companies are mos: 
residing abroad, while the miners are mos: 
Walloons, etc., and thus are foreigners also 
industry, however, is represented by th: ‘pla 
the country,’’ and, therefore, the representat 
people, the Chamber of Deputies, preferred th: 
tion which most benefited their constituents. [rj 
this last reason is largely a sentimental one. |, 
fluences the people, and the bridge is built « 
money. 


a mas 


Another reason which perhaps had conside: 
fluence in the selection of a masonry bridge was 
lowing: The border of Luxemburg and Germany is 
by three rivers, the Moselle, the Saar and the (is Wer 
these streams different Luxemburg cities and 
ties have built bridges, some of iron and som 
All those who have built steel bridges regret it b: 
the continuous cost of repairs and inspection. © 
other hand, once a stone bridge has been buil: 
built and done, and the community could dire : 
tiou to other improvements. Yours truly, 

John N. Bells 

Trenton Iron Co., Trenton, N. J., March 9, 142 
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Concerning Railway Location and Construction. 


Sir: 1 took great pleasure in reading Mr. Barr's 
in your issue of March 6. There seems to be very 
literature to help the locating engineer in his wort 
compared with other lines of engineering. So far as y\ 
little experience has gone, good locating engin: 
very few—and they are born rather than made A 


locating engineer must have an ‘eye for country Hay 
ing been given a maximum for grade and curvatu: 
the college training seems to be forgotten in looking fo 


“saddles’’ and good ground to lay on, An eng) 
should never be handicapped by having to mak 
or that place, regardless of a good line between tern 
The main object after the road is completed is to pu 
full train over the whole division without having 
double hills and back up to make a run for a bad pla 
the line. If you can’t get to ‘“‘Brown’s Sawmil! 
small town, let them come to you. If your line js ev: 
going to amount to anything you must so locate i: =! 
no one can parallel you a few miles away in after y: 
with better grades and alinement. 

Operating a railway is like running a mercantil: 
ness. You certainly cannot continue in business if 
original cost, and possibly I might say your capital }- 
duly swelled by excessive cost for materials furnished by 
the construction and supply companies. All these ey 
penditures become a fixed charge, which in after year- 
company must pay interest on before a profit can » 
realized. The firm which can do business on the sma 
margin and still pay a profit on the investment 
surely prosper. 

The greatest handicap that a new railway can 
is a set of officers who are connected with supply 
construction companies, making everything used in 
construction of the line cost more than if purch 
from first hands. A good superintendent, who will s 
round himself with men who will work together wit! 
friction and without dishonesty, is also a most impor' 
point in a railway’s success. Yours truly, 

Geo. H. Cooke 
Assistant Engineer, Southern Indiana Ry. ©» 

Bedford, Ind., March 10,1902. 

(In the art of railway location there are exce} 
tions to every rule. What our correspondent say> 
applies to railways which are to haul enous 
freight traffic to load a locomytive up to its hau 
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capacity. At least half the railway mileage 
the United States, however, will never have 
re than a light local traffic. Here a limit is 
» reached beyond which it will not pay to 
nd money to reduce grades and curves.—Ed.) 


Railway Location; Good and Bad. 


Referring to the article, ‘Concerning Railway Lo 
I by P. F. Barr in your issue of March 6, 1002, 
writer regrets that Mr. Hardesty in the same issue 
not. in his account of the Union Pacific revisions of 
tion, give a statement of comparative values of the 
and the new lines. But the question of the wisdom of 
Leroy-Bear River Cut-off’’ is commended to Mr. Barr 
m the data given we may make a fairly approximate 
.s of costs as follows: 
vised line: 
‘arth borrow, 728,000 yds. at 15 cts......... $100,200 


earth excavation & haul, 682,000 yds. at We. 126,400 
rock excavation & haul, 541,000 yds. at 70 cts. 378,700 
runnel 120,000 yds. at $4...... 480,000 
runnel timbering, 4,500 M. B. M., 3: 157,500 
steel, 1,400,000 Ibs., 4 cts............. 58,000 
concrete, 6,240 yds. at $10............ 
rmanent lining to be done, 5,200 ft.......... 
aking up and relaying track, 53 miles at $500. 
$1,964,500 
$2,062,515 


he 5,200 ft. of concrete and steel lining yet to be done 
; assumed to be 2 ft. thick with steel ribs 3 ft. c¢. to ¢ 


Original line: 
Excess capitalized cost of operation as follows: 


Excess length, 50,000 ft. at $6.............. S300 000 
rise and fall, 280 ft. at $000.......... 168,000 
curvature, 1,570° at $75.............. 117,750 

Asst. engines for heavier grade.............. 600,000 


$1,185,750 

This leaves a balance of $876,765 in favor of the old 
line. As a choice between two lines originally and before 
either was built, we can add $620,000 for cost of 31 miles 
of the old line and still have $256,765 in favor of the 
latter. 

It must also be kept in mind that the considerations now 
entering the question of justifiable expenditure to reduce 
cost of operation were by no means all pertinent when 
the line was first located, in addition to which the 9.5 
miles excess length carried a bonus: 

The estimate above assumes 20 trains daily one way, 
two assistant engines running 150 miles per 24 hours and 
money at 5%. 

Now as to the cost of the tunnel. Evidently, it is far 
in excess of the estimate made for it when the adoption 
of the new location was decided. If we are going to hold 
the locating engineer strictly accountable for the full dis- 
covery and proper solution of all the economic problems 
involved in his location, it is evident that here an error 
was made in not fully determining in advance the nature 
and condition of the material to be tunnelled, or, if that 
was done, the estimate of the difficulties of controlling it 
was entirely too low. The writer is not censuring anyone 
responsible for this work. Doubtless there are reasons 
and conditions not apparent to him for the things that 
have been done. 

Neither is a tunnel a thing always to be avoided, even 
in questions of first cost. Sometimes an engineer makes 
a mistake in adhering to a determination to avoid all 
tunnelling on his location. 

Last year the writer revised 42 miles of a line that had 
been twice located through a very heavy section of the 
Ozark Mountains of Missouri, on the theory of high-grade 
lines to go through the principal divides (of which there 
are three) in open cuts. As a result, the line was hung 
up on the points of a very abrupt and broken country, 
giving excessive cuts and fills, involving some 4,250,000 
cu. yds. of pay quantities in 42 miles, the residual of 
which is now costing on construction an average of about 
oO cts. per yd, 

The writer dropped the grade lines, taking three tunnels. 
700, 1,200 and 1,700 ft. long, respectively. By so doing, 
the alinement was improved and curvature, rise and fal! 
and length of maximum grades were all reduced. The 
quantities were reduced 2,250,000 yds., representing a sav- 
ing on present cost of construction of $1,125,000 for gradua- 
tion and $135,000 on rise and fall and curvature. Against 
this is to be charged cost of 3,600 ft. of tunnel at $216,006 
and 3,000 ft. excess length of line at $30,000, leaving a 
balance of approximately $1,000,000 in favor of the 
tunnels. 

Drilling during location indicated that all the tunnel 
work would be in good and almost dry solid rock. The 
work to date confirms this and the estimates of cost. 

Therefore, when a locating engineer is ‘‘Burning the 
midnight oil’’ in a solution of a knotty point to avoid a 
tunnel, he may be saving money or he may not be. 

The writer knows that there is plenty of bad location. 
Still, if all of the possible better lines were put on the 
right side and all of the possible worse lines on the left 
of the average railway location, the possible bad lines 
never located would be in a vast majority over the pos- 
sible good lines never discovered, 


Considering the endless possibilities for error in this 
work, it is to the credit of the locating engineer that he 
keeps as close as he does to the best. Yours very truly 

J. L. Campbell 
915 Security Building, St. Louis, Mo., March 10, 1902. 


A Criticism of the Methods Employed in Letting Naval 
Contracts. 


Sir: The writer having perused a number of specifica 
tions written to govern contract work done under the 
supervision of the Navy Department, as well as having 
supervised such work, desires to complain against the 
injustice in the methods adopted in letting contract wor! 
to irresponsible contractors 


One of the standard clauses in the Navy Departme 
specifications reads as follows 

Before he is awarded the contract any bidder may lx 
required to show that he has the necessary facilities, ex- 
perience and ability to perform the work in a satisfa 
tory manner 


Yet, every day large and important contracts are 
awarded to (so-called) contracting firms who have never 
successfully entered upon or executed a contract, whose 
only plant is carried in their hat or else located in a ten 
by twelve office on the tenth story of some skyscraper 
from which they peddle forth their subcontracts to th 
lowest bidders, without making any effort to satisfy them 
selves in regard to the ability or responsibility of such 
subcontractors to properly execute their contracts. Such 
subcontractors, in order to secure the work, bid a_ pric« 
which js generally far below a fair market value, relying 
on performing their contracts on the strength of their 
ability to discover a loophole by which they can evade th 
specifications, or, if not successful in that, on abandoning 
the contract when they have gotten out of it all that is 
profitable. 

Responsible contractors immediately ask the whys and 
wherefores of all this. The question is readily answered 
by those that are conversant with the facts: The lucky 
or unlucky individual, whichever you may see fit to 
term him, who has been awarded the contract, figures, 
first, that he can hire alien labor at a dollar a day: sex 
ond, that the government will furnish him with the neces 
sary plant with which to execute his contract. For thos: 
who may doubt the latter statement, the writer will say 
that he has seen a contractor, who had a fair-sized con 
tract, enter a navy yard and attempt to begin operations 
with the only tool which he had in his possession, a 15-ft 
ladder. This individual actially performed his contract 
by securing the necessary tools either by begging, bor 
rowing, or, if necessary, stealing them 

Now that the subject of appropriations for public works 
is before Congress, would it not be an opportune time to 
introduce legislation prohibiting contractors employed 
on public works on government reservations from «im 
ploying alien labor, and also compelling the payment of 
at least the minimum wages paid for correspOnding work 
by private individuals on the outside. The writer belit ves 
it would also be a good thing if Congress would pass a 
law which in the main should read as follows . 

That before any person, persons or corporations shall 
be permitted to submit proposals or contract for any work 
where the public funds are to be expended, they shal! 
cause to be filed with the officer or agent having the work 
in charge, a certificate showing their quatification to per 
form such work, such certificate being signed and certified 
to by the chief of the bureau having the work in charge. 

If 1 am not mistaken, practically what is equivalent to 
the above is in vogue on some of our leading railways 
As I have always understood it, the New York Centra 
R. R. has maintained a list of contractors who have su 
cessfully and satisfactorily performed work on its lines 
From such and from such only are proposals invited 

Very truly yours, S.J. 

New York, Feb. 28, 

(According to the first paragraph in our corre- 
spondent’s letter, the officers of the Navy Depart- 
ment already have the authority to reject pro- 
posals from irresponsible contractors. We do not 
see that additional legislation by Congress would 
help matters. Our own understanding of the mat- 
ter is that the formalities required by law or by 
custom for the submission of bids to the Navy 
Department have involved so much red tape that 
on certain classes of contracts where the amounts 
involved are not large, bona fide dealers refused to 
take the trouble to submit bids. There grew up. 
therefore, about the navy yards a class of profes- 
sional contractors, who were simply middlemen 
between the Government and the party actually 
performing the contract. These middlemen, as our 
correspondent says, had no capital, plant, or stock 
in trade except their knowledge of the Govern- 
ment red tape; but by combinations among them- 
selves they were frequently able to make large 
profits. Two or three years ago, we believe, an at- 
tempt was made to eliminate the red tape from 
naval work, so that bona-fide dealers and con- 
tractors would come in and bid direct for work 


to be done or supplies to be furnished. Our cor 
respondent's letter, however, would indicate that 
full success has not yet been attained ed.) 


(A proof of the foregoing editorial comment was 
submitted to the writer of the letter above, who 
sends in reply the following additional letter 
Ed.) 


Sir: There is not so much red tape in securing a contrac 


under the Navy Department as is commonty upposed 
The specifications as written for navy yard work are not 


nearly so rigid or specific as are those written to govern 


similar contracts for railway compante and private cor 
porations The writer believes that if the Navy Depart 
ment specifications and plans were more rigid and specifi 
the government would secure cheaper and better work and 
give fewer opportunities to contractor for eVasion at 
delay Regarding the specifications, the clause tating 
that all work and material must be satisfactory to the 
civil engineer in charge confronts the contractor in 
nearly every paragraph, leaving him in doubt as to the 


requirements and at the same time affording him a chances 


to substitute inferior work Your comments in regard to 
middlemen are well made and = the writer believe 
that if the government specification were written wit! 


the idea of furnishing complete and specific instruction 


and leaving nothing 


n doubt, in regard to the nature of 
the work to be performed, that government contract worl 


would be far superior to what it now 


New York, March 24, 
The Economical Application of Transition Curves to Oid 
Track, 

Sir The subject of transition curve and thelr 
plication to railway curves, has been quite thoroughly 
discussed during the past few months in the technical 
press, and particularly in the Proceedings of the America 
Society of Civil Engineers, in connection with the pape 
on this subject presented by Mr. W) B. Lee. but | fail to 
find the question of economy of application brought forthe 
as an argument in favor of any of the forms presented 

The writer having had occasion lately to look into tl 


merits of the different forms of transition curves in aise 
for a report on the subject, has been much interested 

the published discussion thereon. Upon compartisor it 
is found that for the same length of curve, there is litth 


Variation in the offset distance, given by the different 
tables published, which consist either of a series of com 


pound curves, or of an are of a cubie parabola 


ol ai 
approximation of the latter The only advantage po 
sessed by one over the other is in the manner of ap 
plication and the tabulation of the calculation It i 


conceded that the cubic parabola is the ideal trausitio 
curve, the reason given for the use of the other curve 

being their supposed simpler form The length of curve 
to use is, then, the point that requires attention, and thi 

should increase with the speed of the train and the degre 

ef the curve to which it is applied These being the 
same factors that regulate the elevation of the outer rail 
of the curve, it follows that a formula for the length of 
the transition curve should have for one of its factors the 
formula for the elevation of the outer rail These 

quirements have been fulfilled in a formula presented by 
Mr. C. A. Sundstrom, in the October Proceedings of th: 
American Society of Civil Engineers, together with some 
very simple formulas based on the equation for the cubi 
parabola for calculating the offsets and deflections t 
points on the curve 


It is generally conceded that no fixed rule can be give 
for the elevation of the outer rail of curves, and th 
each curve has its own peculiarities and must be deait 
with individually, not because the formula for elevatior 
of the outer rail in proportion to the speed is faulty, but 
because on hardly two consecutive curves doe the tratr 
have the same speed, the grades producing the variation 
An example of the extremes of this variation is the loca 
tion of a curve at the foot of a heavy grade, where train 
are either ‘“‘making a run’ to get up the grade, or have 
their speed accelerated, by momentum acquired in coming 
down the grade, and another curve of same radius located 
at or near the summit, where trains are always moving at 
a comparatively slow rate of speed 

The result of this variation in the elevation required 
has been that the matter of the amount of elevation to 
be put on a curve is left to the judgment of the road 
master and his immediate superior, the requirement being 
that the curve shall ‘‘ride well” under the traffic to which 
it is subjected, the only limitation being that the extreme 
elevation shall not exceed a certain amount, usually 6 in 
With the elevation decided as above, which is the commor 
practice, the way to apply a transition curve of the prope: 
length, to agree with the speed for which the curve i 
elevated, is to measure the elevation in the track, and use 
the speed corresponding thereto, in calculating the length 
of the transition curve to be used While this could 
easily be done in the field, it ix better, to save time and 
chances of error, to have tables computed from whieh 
the data can be taken direct. be 

The above method of determining the length of ease 


ory 
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ment curves is original so far as the writer knows, and 
no tables having come to his notice that were properly 
constructed for application in the manner mentioned, he 
has compiled a set, one of which is given below. 

These tables have been calculated for speeds of 30, 35, 
4% 42.5, 45, 50, 55 and 60 miles per hour, and by taking 
from the tables, the curve of proper degree, that comes 
nearest to having the elevation found in the track, the 
transition curve is readily staked, either by offsets or by 
deflection angles. In these tables the length of the ease- 
ment is 300 times the elevation of the outer rail, which 
makes the length for a curve that is elevated 6 ins. 15) 
ft., which gives an easy grade on the elevated rail. 

One of the advantages of this method of determining 
the length of the easement is that it is not dependent on 


the judgment or experience of the person staking same. 


jt often happens that assistants who are perfectly capable 
of doing the field work, connected with staking curves, 
are lacking in ‘experience, and are therefore not compe- 
tent to decide what length of curve to apply to nearest 
meet the requirements of any particular case, but by 
this method they secure the data from which to decide 
from the track to be staked and are therefore perfectly 
able to do the work as well as some more experienced 
engineer. 

There is no class of maintenance work where it is as 
easy to waste money as in setting track centers, and par- 
ticularly in restaking the center line of curves, and any- 


Notes and Queries. 

In the article by Mr. W. B. Patton on the Duluth 
Ferry Bridge in our last issue, a column formula on page 
228 was presented by the printer in unintelligible form. 
Correctly printed it should read as follows: 


For soft steel: 
] 
13,500 
For medium steel: 


P = 17,000 = | 
11,000 r? 


Mr. P. F. Barr, letter entitled: ‘‘Concerning 
Railway Location’ was published in our issue of March 6, 
informs us that the letter as printed does not meet with 
his approval by reason of editorial changes made in the 
text in preparing it for publication. Through an oversight, 
a proof of the letter with the changes referred to incor- 
porated was not submitted to its writer before publica- 
tion, as is our usual custom. 


P = 15,000 = 


whose 
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A BRICK ARCH OF 4200 B.C. is described in a recent 
lecture by Prof. W. M. Flinders Petrie, D.C.L. This 
barrel-vaulted passage was found—in 1901—in the tomb 
of King Neter-Khet, in upper Egypt, and belongs to the 
beginning of the Third Dynasty, or about 4200 B.C. The 
oldest brick arching previously known was the magnifi- 
cent work of the Sixth Dynasty, about 3400 B.C., which 


Chord 
Elevation Tang. dist. 
outer angle for 
Degree L rail on at L 
of center ~—Values Deflection xzs=L 
curve 2 curve. x=4L. Y x=Y%4L. x=K%L. x=%L. x=L. = P.C.C 2. 
29.8 0.05 0.20 14.9 0.003 0° 3° o° 7% 0° 12’ 0° 2 29.8 
37.3 0.10 0.25 18.7 O01 o° 1 o° 0° 11’ 0° 19’ 0° 387 37.3 
52.2 0.2 0.35 26.1 0.02 o° 2 o° 0° 21° 0° 38’ 1° 12” §22 
59.8 0.42 0.40 29.9 0.03 0° 2 0° 12” 0° 27° 0° 48’ 1° 5O.8 
67.0 0.59 0.45 33.4 ae 4 O° 1h 0° 34’ hal 2° 67.0 
75.7 0.87 0.50 387% 0.05 o° 0° 19” 0° 42’ 18’ 2° 
T 81.9 1.07 ON 410 O07 o° & 0° 29” 0° 3° 81.9 
89.3 139 O60 447 0.09 Q° 7 0° 27’ 3° 44’ 89.3 
96.8 1.63 5 48.4 0.11 0° 0° 2° 6’ 4° 12” 96.8 
111.7 2.91 0.17 0° 42” 1° 34 2° 47’ 5° 34’ 
119.1 3.29 0.21 o° 12’ 0° 48” 1° 47’ B° 10’ 6° 20’ 
126.5 3.71 0.25 0° 13’ 0° 54’ fh 8° 33° 7 10 
. 133.9 4.68 0.29 0° 2° 15" 4° 0’ 8° 0” 
141.3 5.50 0.34 0° 17’ 2° 3” 4° 35’ 9° 10’ 
148.8 6.57 0.40 0° 19’ 1° 14’ 2° 47’ 4° 56’ 9° 
1 2 3 6 7 Ss 9 10 11 12 


An easement curve that is longer than it should be 
for the elevation given the track means a greater offset 
distance than is of any benefit, which in turn means un- 
necessary lining over of track and waste of money. A 
5° 30’ curve with 6-in. elevation is elevated for a speed of 
a little over 40 miles per hour, and would have 150 ft. of 
easement; at just 40 miles per hour the length of ease- 
ment from tables is 146.2 ft., and the offset distance is 
0.86 ft. To give this curve 225 ft. of easement, which 
corresponds to about 50 miles per hour, the offset dis- 
tance would be 2.10 ft., 1.24 ft. of which would be use- 
less as far as improving the riding of the curve is con- 
cerned, while to give it an easement of 80 ft., corre- 
sponding to a speed of 30 miles per hour, with an offset of 
0.27 ft., would be disturbing the track for but small 
benefit. 

The speed of trains should be reduced as the curvature 
is increased so that the elevation for the speed run shall 
not exceed the limit allowed on the road; this should be 
the case both as a matter of safety and for the smooth 
riding of the trains. With a limit of 6 ins. of elevation 
for the outer rail, the limit of the speed of trains around 
curves should be as follows: 


Miles Miles 
per hour per hour 
10° curve....... 30 4°30’ curve....... 45 
7° 30° 8° 30’ 5 


With the speed regulated as above and easement put on 
as recommended smooth-riding curves will be secured. A 
10° curve on which the main curve is set in 1.62 ft. is 
the maximum for which the writer has made his tables 
(the 1.62 ft. being on a curve with elevation of 6 ins.), 
and this offset distance, and any others that are 6 ins. or 
over, should be divided so that half of the curve will be 
thrown out one-half the offset distance, and the other 
half thrown in the balance, which will reduce the maxi- 
mum throw of track to about 10 ins. This can be done 
by taking the external secant of the curve as found on the 
ground and deducting 1% times the offset distance to be 
used, and changing the degree of the curve to correspond 
to this corrected distance: this will sharpen the curve a 
little, but it will not exceed four or five minutes, which 
will not be appreciable, and greatly reduces the expense 
of lining over the curve. By the use of the methods 
described the expense of introducing transition curves on 
old track is reduced to a minimum and the necessity for 
widening embankments or cuts entirely avoided, and in 
there days of economical management of railways this 
saving in the cost of track work is an important item. 

C. A. Morse, M, Am. Soc. C. E. 

La Junta, Colo., Feb, 4, 1902 


shows a long familiarity and free use of this brick work. 
A peculiarity of the older and cruder brick masonry was 
the generally adopted external batter of the walls, a 
feature continued in later Egyptian stone masonry until 
it became a great source of weakness. The inclined walls 
of the pylons at Karnak, and other points, were backed 
with mere chips of stone. 


THE RESERVATION OF THE PINES BELT of South- 
ern New Jersey is reported upon by Mr. John C, Smock, in 
Forestry Bulletin No. 1, issued by the Geological Survey 
of the state. In 1894 the Legislature authorized the Sur- 
vey to examine the forested lands of the statesand ascer- 
tain what portions were suitable for reservation. The 
region known as the Pines Belt lies in the coastal plain 
zone of the state and covers nearly 2.000 sq. miles. The 
soil is sandy and unsuited to agriculture, and the timber 
on it is mainly pitch pine and the short-leaf yellow pine, 
with much oak coppice, and white cedar bordering the 
swamps. The report says that individual effort to care 
for this woodland is ineffectual; and the low price of the 
land would make acquisition by the state possible. It 
could be made to yield an income under proper state 
management; but the greatest advantage of such owner- 
ship would be the control and conservation of the water 
supply upon which so many seaboard and Delaware River 
towns depend. Mr. Vermeule, in his report of 1898, esti- 
mates that south of Tom’s River the streams flowing out 
of the Pines Belt would yield 168,600,000 gallons daily, 
without storage; or 615,700,000 gallons with storage. 


A PEAT BRIQUETTE PROCESS has been developed 
in Germany by G. Heine, and js being exploited by Mr. 
Hugo Krupp, of Hanover, Germany. A large part of 
the expense of most peat handling processes is the labor 
involved in cutting the peat from the bog and transport- 
ing it to the factory for treatment. In the Heine process 
a portable centrifugal pump dredger is used to excavate 
the peat from the bog, rotary cutters being used on the 
suction pipe so that the peat is reduced to a pulp. This 
pulp with about 15 times its volume of water is carried 
by a pipe line to the briquetting factory. The pump 
suction is so protected that stones and roots cannot enter, 
and sand and clay fall to the bottom of the bog. At 
the factory the peat pulp is delivered into a vat, from 
which it passes to a centrifugal separator, which extracts 
the bulk of the water. The peat then passes to a cylinder 
press, which operates on a principle similar to that of 
a paper-making machine. Here the peat becomes a thin 
sheet, which is carried by belt conveyors to drying cylin- 
ders. These reduce the moisture to 15 to 30%, an amount 


sufficient for briquetting. The peat, now a h 
is automatically fed to the briquetting mach 
submitted to a pressure of about 2,000 atmosp! 
bituminous parts of the peat act as a cement 
product is a hard, coal-like, clean briquette. 
of these briquettes show, in percentage—Ca; 
hydrogen, 4.8; oxygen, 22.1; ash, 9 0; water 
corresponds in heating value to 4,850 caloric 
gram, as compared with 5,500 calories for ord 
and 3,000 for wood. By carbonizing the peat to 
degree the heating value may be increased. (; 
ton of these briquettes in Germany is said to 
$1.20 to $1.68 to produce, according to the sj». 


plant. A plant for producing 50 tons per day 
cost $80,000. 
THE PROPOSED INDO-CHINA 


RAILWAY 
scribed in the ‘‘Board of Trade Journal’’ of Lond 


l-meter gage road would connect Haiphong w 
nan-fu, and owing to the disfavor with which it j 
by financiers, the Tonkin government has concved 
liberal terms to the French company now being 
for construction. The line lies in the extrem, 

French Indo-China, and would pass through La 


GERMAN-AMERICAN COMMERCE is discusse. 
U. S. Bureau of Statistics. The United Kingdom ato 
exceeds the United States in its commercial relatio 
Germany. Our commerce with that country ha 
from less than 30 millions in 1865 to nearly $300.4. 
in 1901. In 1865 the imports into the United Stat 
Germany amounted to $9,563,743, and the exports ¢, 
many amounted to $20,315,102; in 1901 these figur. 
$100,445,902 and $191,780,427 respectively. From 
many we chiefly receive finished manufactures, ay! 
chiefly send them foodstuffs and manufacturing mat: 
In 1901, however, we sent them $5,978,720 in iron and 
manufactures, and received from them of the sam: 
$2,811,006. 


> 


THE DECREASE IN THE EXPORTATION of wp 
factures of iron and steel, in this year as compared 
the last, is explained by the U. S. Bureau of Statist(: 
being due to prosperity at home and to depression ab: 
The iron and steel exports, for the seven months end 
with January, 1902, amounted to $57,310,128, as comp 
with $73,616,467 for the corresponding period ending 
uary, 1901. There was also a falling off in the corn : 
port, for the eight months ending with February, 1{). 
from $60,621,569 for the same period ending in 1901 
$13,683,200. This loss of $46,938,369 is due to the short 
in our corn crop as the result of the drouth of last <u 
mer. As to the manufacture of iron and steel, the 
pression in the home markets in 1893-97, combined wi: 
a large demand from abroad, caused a phenomenal grow 
in exports. But the conditions are now practically 
versed. The demand from abroad has been considera! 
decreased, and that of the home market is absolutely 
excess of the producing capacity of the iron manuf 
turers, and of the railways to handle the products ds 
manded. 


> 


A VERTICAL-SIGHTING COMPASS has recently be: 
invented by Mr. J. S. J. Lallie, of Denver, Colo. The ji; 
strument is provided with a graduated circle, with doub) 
vernier, reading all horizontal and vertical angles to sing! 
minutes. The tripod-head is so arranged that all angi 
of elevation or depression can be taken, independent of th 
needle. It is thus admirably adapted to clinometer work 
to the extension of transit lines up or down hill; to trac: 
mineral veins, etc. A variation plate is provided to set off 
variations of the needle. The instrument is made of 
hardened aluminum,and the whole outfit, in a sole-leathe: 
sling case, weighs only 4 Ibs. 


> 


THE COAL FIELDS OF THE UNITED STATES, a 
cording to the annual report of the U. S. Geological Sur 
vey for 1900-01, now in press, cover a total area of abou: 
280,397 sq. miles, exclusive of Alaska, and also vas: 
areas of lignite. Of this total about 55:7, is probably pro 
ductive. The Appalachian coal field, extending from 
Northern Pennsylvania to Central Alabama, contains 
about 70,800 sq. miles; of which about 75% contains 
workable coal. The Northern Interior field, of 11,000 ©q 
miles, lies wholly within Michigan; the Eastern Interio: 
field, lying in Indiana, Illinois and Kentucky, contains 
58,000 sq. miles, with about 55%, of this productive; the 
Western Interior and Southwestern fields are practica!ly 
continuous from Northern Iowa to Central Texas, 8%!) 
miles; they cover 94,000 sq. miles. The Rocky Mountain 
fields extend from the Canadian border southeastward for 
1,200 miles, with a maximum width of 500 miles; thev 
aggregate 43,610 sq. miles. The San Carlos field, of F! 
Paso county, Texas, and that of Uvaide county, Texrs 
properly belong to the last-named field. The Pacific 
Coast fields cover 1,000 sq. miles, with the most important 
deposits in Washington. The lignite deposits, not in- 
cluded in the above summary, cover about 55,000 °q 


miles in Montana, the Dakotas and Wyoming; a similar 
belt runs across the Southern States from Georgia to 
Texas. Alaskan coal fields are also discussed in this 
paper, and promise good results. 
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BOOK REVIEWS. 


JIPPLY.—By Al- 
TRAL STATION H. Yeaman, A. fast. 
~ £. London: Whittaker & Co. New York: The Mac- 
villan Co. Cloth; 5% x 7% ims.; pp. 467, with 200 il- 
istrations. 
nis book is written by two English éTectrical engineers 
relates entirely to English central station practice, 
h differs so widely from current practice in the 
ced States at the present day that the book can seldom 
¢ direct service as a practical guide to the American 
neer. On the other hand it is of considerable interest 
tudy the lines on which central station development has 
en place abroad, and as the book before us is well 
tten and covers the entire field of central station de- 
n. it should find many readers here. 


GHT, HEAT AND POWER IN BUILDINGS.—By Alto: 
p, Adams, M. Am. Inst. Elec. E. New York: Wm. T. 
Comstock. Cloth; 5 x 7% ins.; pp. 102. Price, $1. 


rhe author in his preface says that his object has been 
) present in compact form the main facts on which the 
etion of the sources for light, heat and power should 
based.’ We do not see, however, that the party charged 
th the responsibility of deciding the question of isolated 
it vs. public supply or the selection of a heating sytem, 
example, will be materially assisted by this book. If 
selection is to be made-by a competent engineer, the 
ok will tell him nothing he did not know before, and if 

e owner or architect seeks the book for guidance the 

nances are he will stumble over some of the computations 
the book and he will be quite as likely to come out 
right if he goes ahead with only the assistance of plain 
ommon sense. 

POWER AND POWER TRANSMISSION.—By E. W. Kerr, 
M. E., Assistant Professor of Mechanical Engineering, 
Agric ultural and Mechanical Collcge of Texas. First 
edition. First thousand. New York: John Wiley & 
Sors. Cloth; 6 x 9 ins.; pp. 356, with 264 illustra- 
tions. $2. 

The principal use of this book, we judge, will be as a 
text-book in trade schools, agricultural colleges and simi 
1p institutions where the time devoted to the subjects 
which it covers is too limited to permit more than an ele- 
mentary treatment. The book is divided into three parts, 
as follows: I. Machinery and Mechanics. II. Steam 
Power. III. Pump, Gas Engines, Water Power, Com- 
pressed Air, ete. 

The mere fact that such a wide range of subjects is 
overed within the limits of about 340 pages, a larg: 
portion of which are taken up by illustrations, wil! suf- 
ficiently indicate how brief space is devoted to the sepa- 
rate subjects. 

Notwithstanding its brevity, the work appears to be 
well done on the whole, and the author seems to have 
exercised good judgment in deciding what points to in- 
jude and what to omit in his very brief discussion. The 
treatment is so simple, as a rule, that the book will be 
found suitable for self-instruction. 


rHE JOURNAL OF THE IRON AND STEEL INSTI- 
TUTE, No. I, 1901. Vol. LX. Edited by Bennett H. 
Brough, Secretary. New York: — & Chamberlain, 
12 ¢ ortiandt St. London: E. & F. Spon, 125 Strand. 
Cloth; 5% x 8% ins.; pp. 595; th ay 


The Autumn Meeting of the Iron and Steel Institute 
was held at Glasgow on Sept. 3-4, 1901, with President 
William Whitwell in the chair. The present volume is 
devoted to the proceedings at that meeting, to the pub- 
lication of the papers presented at that time, and to notes 
on the progress of home and foreign iron and steel in- 
dustries. Papers were read, as follows: Presidential Ad- 
dress; Iron and Steel Industries of the West of Scotland, 
H. Bumby; Variations of Carbon and Phosphorus in Steel 
Billets, A. Wahlberg; The Correct Treatment of Steel, C 
H. Risdale; Alloys of Copper and Iron, J. E. Stead; Ef- 
fect of Copper on Steel for Wire Making, J. E. Stead 
and F,. H. Wigham; The Presence of Calcium in High- 
Grade Ferro-Silicon, G. Watson Gray; The Profitable 
Utilization of Power from Blast-Furnace Gases, B. H. 
Thwaite; The Spectra of Flames at Different Periods 
During the Basic Bessemer Blow, W. M. Hartley and H 
Ramage; Brinell’s Method of Determining Hardness and 
Other Properties of Iron and Steel, A. Wahlberg; The 
Internal Strains of Iron and Steel and the Bearing Upon 
Fracture, A. Wingham; Report on the International Con- 
gress for the Unification of Methods of Testing, B. H 
Brough. 


THE PRINCIPLES, CONSTRUCTION AND APPLICA- 
TION OF PUMPING MACHINERY (Steam and Water 
Pressure), With Practical Illustrations of Engines and 
Pumps Applied to Mining, Town Water Supply, Drain- 
age of Lands, etc.; also Economy and Efficiency Trials 
of Pumping Machinery. By Henry Davey, M. Inst. C. 
E., M. Inst. Mech. E., F. S. S., ete. London: Chas. 
Griffin & Co. Philadelphia: J. B. Lippincott Co. Cloth; 
6% x 9 ins.; pp. 295, with over 250 illustrations. $6. 


This book is chiefly useful to the American engineer as a 
curiosity. Its title is broader by far than its contents, as 
will be readily understood when it is said that at least 
two-thirds of the book is devoted to pumping engines of the 
Cornish type, a machine to which English engineers appear 
to cling with remarkable conservatism. There are a few 
examples of pumping engines of the modern type, indicat- 
ing that the author has heard of such things; but they 


seem to have made no particular impression on him as 

being any particular improvement over the massive old 

Cornish engine. There is hardly a mention to be found of 

the ordinary steam pump, but the author goes out of his 

way to insert-a chapter on shaft sinking, another on hy- 
draulic transmission of power in mines and a third on 
hydraulic rams, hydraulic air compressors, etc. The illus- 

trations occupy as much or more space than the text, and a 

large proportion of them are of very poor quality. The ex- 

tent of the author’s knowledge regarding recent centrifugal 
pumping practice may be judged by his remark that such 
pumps are not generally used for lifts of more than 20 to 

30 ft. and that experiments are wanting as to efficiency 

with higher lifts. 

THE TRANSITION SPIRAL.—By Arthur N 
Talbot, C. E., M. Am. Soc. C. E., Professor of Munici- 
pal and Sanitary Engineering, University of IL linois, 
Third edition. Revised. New Yo.k: The Engineer 
ing News Pub. Co. Flexible leather; 4 x 7 ins.; pp 
110. $1.50. 

In accordance with our usual rule in the case of our 
own publications, we confine our review to extracts from 
the preface as follows: 

The railway transition spiral here presented is a fl xible 
easement curve of general appl.cability and of compara- 
tively easy analysis. The conceptions and m.thods used 
are similar to those of ordinary circular railroad curves 
The definition is based upon degree-of-curve, and degree- 
of-curve, central angle, and deficctiou angles may be cal 
culated, and the curve may be located by transit and 
chain or by co-ordinates from tangent and cireular curve 
The field work is quite similar to that fer circular curves 
The spiral is easily applied to a variety of psoblems 
and to a wide range ‘of location and old track conditions 
In the principal formulas, angles, co-ordinates, offsets 
etc., are expressed in terms of the length or distance 
along the spiral. The use of series in the development 
of the properties permits an estimate of the error involved 
in discarding negligible terms. , 

The treatment herein given has beer : quite widely used 
on the railroads of the United States, and many engineers 
have commended its simplicity, convenience and fl: xib.lity 
The methods and principles are readily taken up by in 
strument men, and the field work has proved litth mr 
difficult than that for circular curves. The use of a rgu- 
lar rate of transition per 100 feet of spiral is advan 
tageous, and the tables are in convenient form. 

The treatment of the railway transition spiral was pub- 
lished in Technograph No. 5, 1890-91, and was publi-hei 
in fie!d-book size in 1899. Careful attention has been 
given in this revision to illustrative examples and (x- 
planations. The tables have been extended and a treat- 
ment of the Uniform Chord Length Method and of Street 
Railway Spirals added 
DIRECTORY TO THE IRON AND STEEL WORKS OF 

THE UNITED STATES.—Embracing a full list of the 
blast furnaces, rolling mills, steel works, rail mills, 
structural mills, plate and sheet mills, steel casting 
works, tin-plate works, wire-rod mills, cut-nail works, 
wire-nail works, and forges and bloomaries, with full 
particulars of equipment, products, ownership, officers, 
and all recent consolidations, to which is added a 
complete list of the iron and steel works of Canada 
15th edition, corrected to Dec. 31, 1901. Compiled and 
published by the American Iron and Steel Associa- 
tion, Philadelphia, Pa. Cloth; 6 x 9 ins.; pp. 42S. 
Price, $10. 

This publication has been issued at biennial periods 
for many years, and the present edition was due in 1900 
At that time, however, changes were too rapid and kalei- 
doscopic to permit the compilation of the work, and its 
issue has been postponed therefore to the present time 
The first part of the book is entitled ‘‘Chiefly Consolida- 
tions,’’ and is a record of the plants owned or controlled 
by the United States Steel Corporation and by some 30 
or more of the principal companies in the iron and steel 
industry, the works belonging to each company being 
grouped separately. In Part II. is a geographical list of 
the furnaces, rolling mills and iron and steel foundries 
and forges in connection therewith in every State in which 
such works exist. As in previous editions, a large amount 
of information is given as to the capacity, equipment, 
etc., of every works described. Part II. also contains a 
geographical list of abandoned, dismantled or long inac- 
tive iron and steel works, which may be of little com- 
mercial interest, but cannot fail to attract the attention 
of any one who cares to trace the history of trade move- 
ments and changes. It is curious to note in this list 
that quite a number of the dismantled works are among 
those owned by the trusts, and also that not a few of 
them are of quite recent construction. In Part III, the 
establishments are classified by their products, separate 
lists being given of the steel foundries, Bessemer works, 
plate, sheet and skelp mills, wire-rod mills, and so on 
for a dozen different branches of the steel industry. 


A REMARKABLE NEW HIGH-POWER EXPLOSIVE. 


A highly interesting series of tests of a new 
high-power explosive compound was witnessed a 
few days ago by a smal! party of engineers and 
experts on explosives at the estate of Mr. Fred. 
L. M. Masury, at Sands Point, Long Island. These 
tests make the new explosive appear a truly re- 
markable substance, possessing the explosive 
powers of dynamite in conjunction with an in- 
sensibility to all manner of abuse that makes it 
apparently as harmless as so much sand. The 
substance has been named ‘“masurite,” in honor 
of the inventor, at whose invitation the party, of 


which a representative of this paper was a mem- 
ber, assembled to witness the demonstration. The 
following brief résumé of the results of the most 
essential of the tests will give an idea of the value 
of the material. 

““Masurite,” as it was used in the tests, is a 
pale-yellow, granular powder, looking not unlike 
fine sand. It is about a third lighter than dyna- 
mite. It is insensible to heat or cold, or to mois- 
ture in the air; prolonged contact with water, 
however, injures it The heat of an ordinary 
flame is sufficient to fuse it, but in melting the 
substance changes its character and loses all ex- 
plosive properties. Left alone, the ‘“‘masurite’” 
will not burn, but in contact with burning car 
bonaceous materials it slowly burns, giving off 
incombustible fumes. 

RESUME OF TESTS 

CONCUSSION.—‘‘Masurite”’’ placed on an anvil or on a 
tone was struck with a hand hammer and with a sledge 
without effect. An iron ram weighing about 60 lbs. was 
dropped with a fall of 25 ft. on a 10-oz. paper cartridge, 
filled with ‘‘masurite,’’ placed on an iron anvil The blow 
compressed some of the powder into coherent cakes, but 
had no further effect. Twelve-pound tin cans filled with 
‘masurite’’ were perforated with shots fired at «lose range 
from a 30—40 rifle, using both mushroom and «teel-iack- 
eted bullets, without effect on the explosive The same 
result was obtained when burning brands of charcoal 
were placed in the powder and the shots flred through the 
partly burning mass. 

HEAT, FIRE AND ELECTRIC SPARK.--Tron bars 
heated to redness were run through cartridges filled with 
masurite’’ or used to stir the powder in a 10-Ib. can 
portions of the powder fused and burned, the latter where 
in contact with the paper of the cartridge. Large quan 
tities of ‘‘masurite’’ were thrown upon a wood fire, also 
upon a charcoal forge fire blown vigorously The sub 
stance was fused where the heat was sufficient, end burned 
where in contact with the coal. Smokeless powder as well 
as high-grade black powder were placed in intimate con 
tact with portions of ‘‘masurite’’ and set off by a fuse 
The ‘‘masurite’’ was not affected. Parlor matches were 
lighted by rubbing on a rasp while covered with ‘‘masu 
rite," without effect on the latter. A melting pot was 
filled with ‘‘masurite’’’ and covered with an iron funnel; 
the pot was then heated on a forge fire until the ‘“‘masu 
rite’ melted and decomposed. The fumes passing off 
from the funnel could not be lighted, but extinguisned 
the flame of a match. When ‘“masurite’’ was rubbed be- 
tween surfaces covered with sand-paper or emery, no effect 
was produced. Quantities of ‘‘masurite’’ were heaped 
upon an iron rasp connected with a 116-volt generator, aud 
a wire connected to the other terminal was rubbed over 
the rasp. The electric sparks did not effect the powder 
A copper wire was placed in a heap of ‘‘masurite”’ and a 
110-volt current passed through; the wire was fused, but 
the powder was not affected. 

DETONATION.—A 10-0z. cartridge of ‘‘masurite’’ was 
fitted in the ordinary manner with a ‘‘double-strength”’ 
electrical exploder, the exploder being placed in one end 
of the cartridge. The cartridge detonated violently. <A 
similar cartridge was fitted with a similar exploder tied 
on the outside; the cartridge exploded as before. A cert- 
ridge fitted with an exploder was laid horizontally, and 
another oartridge without exploder was laid so that the 
ends of the cartridges touched. On setting off the first 
cartridge both exploded. Seven such cartridges in a row 
with their ends touching, only one cartridge fitted with a 
fuse, and placed at one end of the row, were all exploded 
when the cartridge with exploder was set off. When a 
cartridge was set off at a distance of 12 ins. from a cart- 
ridge without exploder, the latter was merely torn, but 
did not explode. A cartridge without exploder was sus- 
pended 4 ins. above a ‘‘double-strength’’ exploder, and 
the latter set off. The cartridge was torn, but did not 
explode. To give some illustration of the comparative 
behavior of dynamite and ‘‘masurite’’ under concussion, 
half of a cartridge of 40% dynamite was detonated at a 
distance of 12 ins. from a cartridge of ‘‘masurite,”’ without 
exploding the latter, but merely breaking the cartridge 
On the other hand a ‘‘masurite’’ cartridge when set off at 
a distance of 12 ins. from a dynamite cartridge caused the 
latter to detonate. In this test the manner of explosion 
of the two materials could be noted: the dynamite gave a 
bright burst of flame when exploding, while in all the ex- 
plosions of ‘‘masurite’’ no sign of flame appeared. Finally, 
to show the effect of cold on the ‘‘masurite,’’ a cartridge 
was placed for three hours in a can surrounded by a 
freezing mixture. When the cartridge was taken out of 
the can a thermometer in the can showed a temperature 
of —6° F.; the cartridge was immediately fitted with a 
fuse and exploded, behaving exactly the same as the other 
cartridges which had been fired at normal temperature 


A few weeks ago a rough comparative test of 
“masurite”’ and 40% dynamite was made on Sec- 
tion V6 of the New York Rapid Transit Subway, 
Nanghton & Co., subcoatractors. In the regular 
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rock-work on this section a blast of each explo- 
sive Was set off under conditions as closely alike 
is possible The two explosives were used bulk 
for bulk, and the results were almost equal, but 
slightly in favor of the dynamite. No test was 
made weight for weight, but it is probable that 
the “masurite’” would have shown up ahead. The 
new explosive has been in continuous use for some 
months in a West Virginia coal mine; it may be 
noted that it was in connection with coal mining 
that Mr. Masury, in attempting to find a flameless 
explosive discovered this compound, which, in 
addition to being flameless, seems to fulfil every 
other conceivable condition for safety In the 
riine where “masurite” is being used. a blast of 
the substance was set off in 20 ins. of firedamp, 
according to a statement of the mine superin- 
tendent, without setting off the gas Dynamite 
under similar conditions would almost certainly 
have caused a gas explosion 

As to the cost of the new explosive, it will, of 
course, depend on a number of conditions; rough- 
ly. however, Mr. Masury gives the cost practically 
the same as that of 40 dynamite 

“Masurite” is being manufactured by a com- 
pany which has been formed for its exploitation, 
the Safety Explosive Co., of 50 Broadway, New 
York Mr. Masury is president of the company. 


COST OF CRUSHING QUARTZITE BY A MUNICIPAL 
CRUSHING PLANT AT BARABOO, WIS. 
By W. G. Kirchoffer.* 

The city of Baraboo, Wis., established a munic- 
ipal crusher plant during the season of 1901, and 
the following data of the cost of crushing quart- 
zite at this plant may be of interest to engineers. 

The plant consists of an Austin No, 5 crusher, 
a Sullivan “U. CC.” steam drill, some small bins 
and the necessary tools The cost of the same 
was: Crusher, SSYS; drill, $218; bins, ete., $108; 
picks, shovels, drills, ete., $108; total, $1,335. 

In figuring up the cost of the rock to be charged 
to the street I estimated that the crusher would 
last 10 years, the drill 5 years, the bins 4 years 
and the tools 2 vears, as is apparent from the 
table 

The crusher was operated 46.8 days and crushed 
1920 cu. yds., an average of 41 cu. yds. per day. 
Three sizes of stone were made, 2%-in., 14, and 
‘,-in, down to powder No record was kept of 
the amount crushed of each size so I can give only 
the total amount 

Il have added to the table some figures showing 
what the cost of the stone would have been had 
We purchased the stone at Ableman, eleven miles 
distant, and shipped it in on the cars, and the 
saving to the city by the purchase. 

Cost of Crushing Quartzite for Macadam at Baraboo, Wis 


Total cost Cost per 


Items each item. cu. yd. 
Stone in the quarry .. $76.80 S.0400 
Bins, ete., 25% of $108 27.05 0140 
Crusher, 10% of ... SU.S4 
Steam drill (200) of S218) 4 87 WOOD 24 
Picks, shovels, ete., 50° of S108 53.00 
Dies for crusher 128.00 OOTT 
Freight paid on supplies O1T5 
Fuel for engine 
Oil wos 
Dynamite onde 
Superintendent's horse and liveries 
Superintendent of crusher 
Quarrying stone and tending crusher 7140 
Rent of engine, 46S hours 
Total cost of quarrying and crushing. 2,403.97 1.2520 
Hauling 1,920 cu. yds, to city 960.00 now 
Cost of stone delivered on street. . 1.762 
Cost of stone if same had 
been purchased .. 7. 3,001.20 
Cost of hauling purchased 
stone from cars 720.00 


‘ost of purchased stone upon 
street 4,150.89 
Amount saved by owning crusher TATA 


IMPROVEMENT IN THE QUALITY OF CHILLED CAR 
WHEELS. + 
By C. H. Vannier.t 
Chilled cast-iron car wheels are distinctly an American 
product According to the statistics giving the number 
of cars in service during the year 1901, there are in round 


*City Engineer, Baraboo, Wis 


Extract from an address before the engineering stu- 
dents of Purdue University. 


Griffin Wheel Co., Chicago 


numbers 12,000,000 cast-iron car wheels in use under 
freight and passenger cars in the United States 


In addition to this, cast-iron wheels are used al- 
most exclusively under cars running on street and 
interurban railways The total tonnage of  cast- 


iron in use in the shape of car wheels now in service 
approximates 3,500,000 tons, or about one-quarter of the 
total output of pig iron in the United States in the past 
year 

The greatest improvements in the manufacture of cast- 
iron car wheels have been made within the last 15 
years The life of a cast-iron car wheel measured in 
mileage has been doubled—that is to say, the wheels 
which are turned out now are guaranteed for six years, 
while those turned out 15 or 20 years ago were guaran- 
teed for not more than three years. In the same way in 
the mileage we guarantee wheels to-day for 75,000 miles, 
while 40,000 miles was considered a high mileage guar- 
antee 15 years ago 

The severe tests required to-day by railroads for cast 
iron car wheels could not have been met 15 years ago 
At that time five blows was usually specified for the drop 
test, and there was no such thing as a thermal test. 
Fifteen years ago the wheelmakers were almost without 
exception making their mixtures without the aid of chem- 
istry, while to-day chemistry is one of the important fac- 
tors In the manufacture of car wheels. In addition to 
this, much has been done in the last ten years in the way 
of scientific research, and also by taking advantage ot 
physical tests to an extent which would hardly be credited 
by those not familiar with what is going on. As a result, 
the quality of the cast-iron wheel has been greatly im- 
proved within the last few years, and this was necessary, 
for the reason that the service required of car wheels at 
the present day is much more severe than it used to be, 
owing to the very great increase in the carrying capacity 
of cars. Twenty years ago a car of 40,000 Ibs. carrying 
capacity was considered something unusual, the ordinary 
carrying capacity of the cars being 28,000 to 30,000 Ibs. 
To-day a gneat many cars are being built with carrying 
capacity of from 80,000 to 100,000 Ibs., and the speed of 
trains has also been very much increased in the past few 
years, as compared with the practice of 15 or 20 years ago. 

The increase in capacity as between the 24,000-lb. ca- 
pacity cars on the one hand and the 100,000-Ib. capacity 
cars on the other hand amounts to 333!4%.. The increase 
in the cross-section of the axles at the wheel seat as com- 
pared between the axles used under 24,000-lb. capacity 
cars and 100,000-Ib. capacity cars amounts to 175%. The 
increase in the weight of rails used when 24,000-Ib. capac- 
ity cars were in service, as compared with the standard 
rail used to-day amounts to 100%. The guarantee of 
wheels as between that given 15 years ago and that given 
to-day has increased 1000, while the increase in the 
weight of wheels used under 24,000-Ib. capacity cars and 
those used under 100,000-Ib. capacity cars has amounted 
to about 29%. 

The number of wheels per car being the same under a 
7a-ton car as under a 12-ton car, and the increase in load 
teing 33314°,, and the increase in guarantee being 100%, 
there is a demand for increased efficiency in cast-iron 
car wheels of 4331,%. If the added tare weight of the 
“-ton car over the 12-ton car is considered, it can be 
reasonably estimated that there is a demand for a 00% 
increase in the service of car wheels to-day over the ser- 
vice demand which existed not over 15 or 20 years ago 
It is only natural for anyone to ask why the weights of 
the wheels have not been increased in proportion to the 
weights of the other equipment, such as rails and axles. 
One answer which I can make to this question is that 
the cast-iron wheel has been giving such satisfactory 
service under the old style of equipment that it was 
thought that it was sufficiently strong to carry over twice, 
and sometimes three times the load which it has been 
carrying. This, however, has been found to be wrong, and 
the tendency of the times is towards a heavier wheel 
for heavy capacity cars, and it looks very much as though 
a 7O0-Ib. 33-in. wheel would be considered standard for 
ears of from 80,000-Ib. to 100,000-Ib. carrying capacity 


DEVICE FOR TAKING UP SLACK IN AUTOMATIC 
COUPLERS. 


In the article on “The Improvement of Car 
Couplers and Draft Rigging,’ in our issue of Jan. 
30, reference was made to a device now being 
tried on the Chicago, Rock Island & Pacific Ry. 
for taking up the slack between couplers, by 
means of rings inserted in the link slots of the 
knuckles. This is the invention of Mr. W. F. 
Gould, 1520 W. Locust St., Des Moines, Ia., from 
whom we have recently received photographs of 
the device. The accompanying cut shows a ten- 
der coupler fitted with the device; the ring, A. 
has made 30,000 miles and is still in use on en- 
gine No. 25. The rings on the coaches and bag- 
gage cars have made 25,000 miles and_ the 
knuckles are not yet worn out; in fact we are in- 


formed that they have not worn sine: 

were applied, the rings taking all the » 
being still in good serviceable condit{o, 
rings are 3% ins. diameter and 2 ins. hic 


Tender Coupler with Ring for Taking up Sis 
W. F. Gould, Des Moines, la., Invento: 


the edges beveled to prevent them from cat 
As the diameter is \-in. greater than that 
knuckle, the two together will take up 14-in 
with new couplers, or more than this with 
couplers. 


ANNUAL CONVENTION OF THE AMERICAN RAILW \\ 
ENGINEERING AND MAINTENANCE-OF-WAY 
CIATION. 


The third annual convention of this association wa: 
March 18, 19 and 20 at the Auditorium Hotel. (hj 
It was well attended and the work done promised 
for the future development of the association. but 
evident that the Board of Direction will have some 4 
ficulty in getting its committees and their member 
work to the best advantage. This subject was discu 
at one of the sessions, and numerous suggestions 
made, including the issue of a monthly publication 
obtaining and disseminating information. Of the 15 sta 
ing committees, only two failed to present reports: tho 
on “Water Service’ and “Uniform Rules and Organi; 
tion.”’ The 13 reports presented by the other commiti: 
were of varying character and quality. A good plan 
lowed at all the meetings was that each committee. \ 
its report (printed in advance) was presented, assembled 
at a table beside the President, so that it could be ad 
dressed directly in the discussion, while it also served 
familiarize the members at large with those on the com 
mittees. An amendement to the constitution was adopted 
limiting discussion to members or to persons 
invited to speak. 

The first session was called to order about 10 a.m 
March 18, and the annual address was delivered by the 
President, Mr. George W. Kittredge, Chief Engineer of th. 
Cleveland, Cincinnati, Chicago & St. Louis Ry. Som: 
extracts from the address are given as follows: 


we 


specialiy 


Your directors have held frequent meetings during th: 
past year, which have been reasonably well attended 
They have tried to keep in touch with the work of tix 
various committees, and have tried to get reports formu 
lated in such a manner that only such branches or po: 
tions of subjects should be handled as could be fully con 
sidered and carried to definite conclusions, although som: 
reports must of necessity be reports of progress. Effort 
have been made to have the reports so handled that they 
shall be truly the reports of committees and not of in 
dividuals. 

It is encouraging to feel that the higher executive office: 
of the railways look with favor upon our organization, and 
with interest upon our meetings, discussions and publica 
tions. In these days of accelerated time, of necessiti« 
for better and smoother riding track, of increased weight 
of motive power and rolling stock, each and all of which 
means directly or indirectly increased expenses in main 
tenance, a great opportunity*is open for the association to 
demonstrate its value by setting forth and endorsing 
methods that are effective, and at the same time provid 
for the safe, expeditious and economical handling of th: 
traffic. 

The reports of the Secretary (L. C. Fritch, B. & O. § 
W. Ry.), and the Treasurer (W. S. Dawley, C. & E. | 
R. R.) were then presented, and showed the following con 
ditions -as to membership and finance: 


Members admitted during the year............... ow 
Members lost during the year (deaths, 4: resigna- 

tions, 3; dropped, 6).... 
Membership, March, 1902................... 
Balance cash on hand, March, 1901 
Receipts during the year..................... 
Expenditures during the year.................... 
Balance cash on hand, March, 1902........... 


The members lost by death during the year were J. F 
Kidder, J. T. Mahl, G. A. Quinlan and J. W. Taylor. 

After this part of the business had been transacted, the 
committee reports were presented. We have given ab- 
stracts of nearly all these in last week's issue and else- 
where in the present issue. The following are genera! 
notes of the reports and the discussions: 
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ROADWAY. 

of the Committee on Roadway opened with 
on of the question of forms of cross-section for 
ned or subgrade, recommending a width of 20 ft 
banks for single track and 153 to 14 ft. additional 
track; for less important lines, 18 and 16 ft 

The committee also departed from common 
recommending a uniform width for both banks 


ort 


ely 


as follows: 
theory upon which the width of embankments at 
« based, it is considered that the track in 
5 placed upon what is virtually a low embank- 
d in order to preserve uniformity of condition< 
‘oly under the track throughout the line, the 
* subgrade in cutting should be made the same 
embankments, outside of which sufficient room 
aliowed for side ditches. 
reater part of this report, however, was devoted 
mportant question of the improvement of grades 
ement, which was discussed from both a prac- 
| a theoretical point of view. This part of the report 
red nearly in full on another page. The discussion 
vainly on the width of roadway and the fact that 
of the railway work of the present time is the 
and improvement of existing lines the ques- 
maintenance is of more importance than economy 
of construction. It was suggested that new banks 
be of such width as to leave the standard top 
after the slopes have slipped and weathered before 
k becomes consolidated. There was also some dis- 
as to the amount of load on cars which can be 
ed off by a locomotive or unloader, and it was shown 
with modern large capacity cars (25 to 30 cu. yds.), 
‘fren impossible to haul the plow over the cars with a 
or moderate-sized locomotive. 
TRACK. 
Committee on Track then presented its report, an 
ract of which is given elsewhere. After discussing 
questions of easement curves, curve elevation, and 
tical curves, the report took up the proper methods of 
im and spiking; it described exactly how each par- 
ular kind of ballast should be tamped, and how spikes 
ild be driven. Considerable time was taken up by a 
rather seattering discussion, but when it came to solemnly 
idopting recommendations as to tamping and spiking, Mr 
c. S$. Churchill (Norfolk & Western R. R.) entered a pro- 
test. He thought it a waste of time as no member of the 
association would think of following all the recommenda- 
tions, and it was not wise to go on record as officially 
adopting such recommendations, especially as members 
had not had time to consider the report carefully. The 
voting on the recommendations had been proceeding list- 
jessly, few members taking the trouble to vote either way, 
but Mr. Churchill's remarks put a little energy into the 
proceedings and after some discussion it was voted to 
simply accept the report, and to request members to carry 
on the discussion with the committee so that it might 
present a report in better form at the next annual con- 
vention In the earlier part of the discussion, the com- 
mittee’s recommendation of 7 ins. as the maximum for 
curve superelevation was changed to S ins. The discussion 
on this report occupied part of both the morning and 
afternoon sessions, 


TIES. 

The Committee on Ties presented a good progress re- 
port, dealing mainly with the questions of timber supply, 
preservative methods and statistics. An abstract of this 
report was given in our issue of March 20. The forms of 
tabular blanks for records, submitted by the committee. 
were adopted with a few changes; one of these provided 
for special mention of bridge ties, and another changed 
the ton-mileage record to tonnage, since it is the tonnage 
which passes over the track that affects the wear of both 
ties and rails. 

After this report had been disposed of, Mr. Herman von 
Schrenck, special agent of the Bureau of Forestry, U. S. 
Department of Agriculture, gave a brief address on the 
work undertaken by the Bureau for watching and record- 
ing the results of treated ties in the track. He also gave 
ome particulars of his visit to Europe last year to in- 
vestigate the question of timber preservation. 

SIGNALS AND INTERLOCKING. 


This committee did not get to work until February, and 
modestly presented but a very brief report, an example 
whieh might have been followed to advantage by some of 
the other committees whose work was delayed until the 
ast minute. The report in question dealt with the stand- 
rdizing of castings for semaphore arms, and it was voted 
hat the committee should send out a letter ballot to get 
‘he opinion of the association as to the continuous-light 
rinciple, and the proper travel of the semaphore arm. 
rhe following is an extract from the report: 


On the subject of standard designs and specifications for 
terlocking plants, the association's opinion was asked 
t the last meeting about the desirability and practicability 
f adopting a single-type or fixed signal for all interlock- 

& and block purposes. 

We present the question again for your consideration 
1 respect to its desirability we have this to say: Over 100 
esigns of semaphore castings are now on the market and 
4 use, Many of which are bad and do not embody correct 
‘inciples. The good ones differ in unimportant details 
t has been customary to consider a different design neces- 
ary for different degrees of travel of the signal arm and 


light casting. We propose a standard form of casting 
adapted to the three-position signal, the two-position sig- 
nal with 90°, 70° or @° travel, the only difference being 
that a separate spectacle is required for each. The cast- 
ings are side bearings, but they are equally well adapted 
to the side bearing or the center bearing. The only change 
required is the lamp bracket 
BALLASTING 

The brief report of the Committee on Ballasting was the 
first to be presented at the morning meeting on Wednes 
day, March 19 An abstract of this was given in our last 
issue. The discussion turned mainly on the advantage> 
and cost of burnt clay ballast and the advisability ol 
sereening gravel ballast, but a proposition to require the 
screening of gravel containing more than 30% of sand was 
voted down. Attention was called to the fact that the 
word gravel is extremely vague and conveys no idea as to 
the proper size of the particles or the proportions of stone 
to sand and fine material The report stated that the 
subgrade should drain freely, but it was pointed out that 
as a matter of fact the best roadbed would be impervious, 
so as to shed the water draining through the ballast. A 
proposal to change the minimum depth of stone ballast 
from 8 ins. to 12 ins. was rejected, but it was voted to 
change the cross-section for stone so that instead of slop- 
ing directly from the top of the ends of the ties it should 
be shouldered out horizontally S ins. beyond the ties 

BUILDINGS. 

This committee, which presented no report last year 
now had a report on coaling stations and water tanks. It 
was prepared mainly by the familiar method of sending 
out circulars of enquiry and embodying the replies in the 
report. The circulars were sent to 225 railways, but only 
43 replies were received, and the general indication was 
that little care was taken in filling out the blanks. The 
discussion turned mainly on the weighing and measuring 
of coal, some members, considering that the amount in 
each pocket should be weighed, while others thought it 
better to measure the quantity by calibrating the tender 
Prof. C. F. Allen remarked that enginemen take more in 
terest in their coal records when they know that a re- 
liable system of weighing is in force, and Mr. Kittredge 
ic., ¢., C. & St. L. Ry.) thought that if accurate informa- 
tion as to engine performance is desired it is absolutely 
essential to know exactly the weight of coal consumed. 
Prof. Allen also pointed out that the delivery of coal to 
the pockets by an elevator and the incline dispensed with 
there is a saving of space which will be very valuable 
in a large yard. 

SIGNS, FENCES, CROSSINGS, ETC 

This report was not approved by many of the members 
of the committee. The subjects selected were highway 
crossing construction and protection, but the report was 
very sharply criticised, and it was eventually voted to 
refer it back to the committee for revision on the lines 
suggested by the discussion 

RAILS 


The report of the Committee on Rails showed that a 
large percentage of the output of the rail mills conforms 
to the Am. Soc. C. E. sections, and presented a suggested 
form of specifications, which latter, however, were modi- 
fied in several details during the discussion. Mr. Trimble 
(Penna. Lines) explained that the specifications would 
apply to both Bessemer and open-hearth steel, and re- 
marked that he had in use some open-hearth rails whigp 
conformed very closely to the carbon and phosphorus re 
quirements of the specifications. The specified limits of 
shrinkage allowance were struck out, blanks being left 
for the insertion of the allowance at each mill. The varta- 
tion in height was changed from 1-64-in. above and 1-52- 
in. below the specified height to 1-64-in. either way, and 
a variation of 1-16-in. in width of base was added. It 
was pointed out that the width of base is specially im- 
portant where tie-plates are used, in order to get the cor- 
rect fit of the spike holes. Prof. J. B. Johnson (University 
of Wisconsin) thought some scientific investigation should 
be made as to shrinkage. One member spoke of getting 
rails whose ends were not in a vertical plane (the head 
being longer than the base), and Mr. Webster (Philadel- 
phia) spoke in favor of sawing the rails cold, or else fac- 
ing the ends, as is done in Europe 

IRON AND STEEL STRUCTURES 


This committee worked by dividing certain subjects 
among sub-committees, only two of which had reports 
The first part of the report, discussing the general prac- 
tice in placing railway bridge work under contract, was 
passed with but little comment, but there was some dis- 
cussion on the proposed specifications for rolled steel, and 
it appeared that there was a difference of opinion among 
the members of the committee as to certain parts of these 
specifications. One of the important points discussed was 
in regard to the respective merits of single-grade o1 
double-grade requirements for range of ultimate strength 
For the benefit of the committee a vote was taken on this 
point, but this was simply a small vote of members pres 
ent and not representative of any action on the part of 
the association. This resulted as follows: (1) One grade 
of 55,000 to 65,000 Ibs., 6 votes; (2) two grades, above and 
below 60,000 lbs., respectively, 15 votes; (3) one grade of 
0,000 to 70,000 Ibs., 10 votes; (4) one grade of 60,000 to 
70,000 Ibs. without reaming, none. Mr. T. W. Schaub 


preferred one grade texclusive of rivet steel) Mr. Web 
ster remarked that steel below 60.000) Ibs. is generally 
used without reaming. while That above 60,000 Ibs. is fre 
quently reamed. Mr. T. L. Condron spoke in favor of the 
double-grade plan, as ensuring better results for the pat 
ticular Knid of work in which either grade is to be used 


and he also strongly advocated reaming, except for unim 


portant details The specifications should recommend 
first-class practice for bridge work, but punching without 
reaming is not first-class practice The additional cost for 
reaming is but 4%, and this is for shop work only; the 


erection cost is slightly reduced and the cost of handling 
freight, ete., is not affected The report was accepted as 
a report of progress, with the suggestion that written 
discussions be submitted to the committee during the 
Vear 
YARDS AND TERMINALS 

At the morning session on March 20 the first committe: 
called was the Committee on Yards and Terminals. whieh 
had presented a carefully prepared report dealing with 
the principa! features to be observed in the design of re 
pair and car-cleaning yards, district and division 
yards and freight houses rhe committee w 
mented by the President upon its methods 


Terminal 
as romp! 
ot work and 
the completeness and systematic character of the report 
There was a brief discussion, relating mainly to the use 
of platforms at freight houses, to avoid the necessity of 
spotting cars into exact Position opposite doorway 


The report and its recommendations were adopted 
WOODEN BRIDGES AND TRESTLES 
This report was of an unsatisfactory character It con 
sisted of a short paper by the chairman and plans pre 
pared by a sub-committee for a pile and frame trestle 
but these plans did not meet the approval of the main 
committee It was eventually accepted as a report of 
progress and referred back to the committee 
MASONRY 

The Committee on Masonry presented a report accom 
panied by specifications, which led to considerable discu 
sion Mr. J. H. Abbott (B. & O. RoR.) objected to per 
mitting mortar to be used within one hour after mixing 
He instanced experience at the Henderson bridge with 
Louisville natural cement, where no mortar was allowed 
to be used after standing for 20 minutes The specifica 
tions were amended so as to provide that mortar must be 
used before it has commenced to set Mr. Taylor (St. L 
& S. F. Ry.) thought the use of large stone should be pet 
mitted in the concrete backing -for first-class masonry. 
in regard to a second-class Portland cement concrete ot 


on 


the ground that it is better to lower the quality of the 


1 to 4 to 8, he preferred proportions of 1 to % to 10, 


concrete by a smaller proportion of mortar to stone than 
by a smaller proportion of cement to sand Mr. Raymer 
pointed out that a difficulty in applying general specifica 
tions to practice is the great variation in the quality of 
the sand and gravel available for use in different place 
Mr. Atwood (P. & L. E. R. R.) said that for this reason 
and on account of the different kinds of work in which 
concrete is used, it would not be advisable to recommend 
general specifications. The discussion also turned on the 
relative proportion of voids in different kinds of sand, and 
Prof. J. B. Johnson pointed out that the function of the 
cement is not only to fill the voids, but more especially to 
coat every particle of the sand 
RECORDS, REPORTS AND ACCOUNTS 
The report of this committee was not ready for dis 
tribution until the last session of the convention As it 
was quite lengthy and accompanied by numercus blank 
forms suggested for use in keeping records, the members 
were not well prepared to discuss it In the distribution 
of cost of maintenance work it was thought that while 
the classification of the Interstate Commerce Commission 
(which the committee followed) was good in general, yet 
its subdivision was unsatisfactory For instance, rail 6 
newals and tie renewals include only the cost of the 
rails and ties, while the labor of renewing them is in 
cluded under the general head of repairs to roadway Mr 
Abbott (B. & O. R. R.) thought that In this matter the 
Auditing Department must be taken into account. and 
should co-operate with the Maintenance-of-Way Depart 
ment in order to devise a uniform system of accounting 
which would be satisfactory to both departments 
ENTERTAINMENTS AND EXHIBITS 
The annual banquet was held March 19, but the Board 
of Direction wisely decided not to accept any invitations 
for excursions of the association as a body, as in view of 
the number of reports it was not advisable to shorten the 
time available for the business proceedings Before the 
lose of the convention a vote of thanks was tendered to 
the Committee of Arrangements for the manner in which 
it had performed its duties in regard to both the technical 
and the social features of the convention 
In accordance with the practice of this association, sup- 
ply firms were permitted to arrange for exhibits, but not 
in the room for the meetings, and the hotel parlor was 
well filled with exhibits. A list of the exhibitors is given 
in our Construction News supplement 
OFFICERS 

The announcement of the result of the election of 
officere for 1902 was made at the close of the convention 
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and the full list of officers is given below: President, G 
W. Kittredge, Chief Engineer Cleveland, Cincinnati, Chi- 
cago & St. Louls Ry; First Vice-President, A. W. Sulli- 
van, Assistant Second Vice-President Illinois Central R 
R.; Second Vice-President, Hunter McDonald, Chief Engi- 
neer Nashville, Chattanooga & St. Louis Ry.; Secretary, 
L. C. Fritch, Division Superintendent Baltimore & Ohio 
Southwestern R. R.; Treasurer, W. S. Dawley, Chief En- 
gineer Chicago & Eastern Illinois R. R.; Directors, F. H. 
McGuigan, General Superintendent Grand Trunk Ry.; A. 
W. Johnston, General Superintendent New York, Chicago 
& St. Louis Ry.; J. Kruttschnitt, Vice-President and Gen- 
eral Manager Southern Pacific Ry.; T. F. Whittlesey, Gen- 
eraleManager Toledo Terminal Ry.; A. Torrey, Chief En- 
gineer Michigan Central R. R.; Thomas Rodd, Chief En- 
gineer Pennsylvania Lines West of Pittsburg. 


ECONOMICAL METHODS OF ROAD IMPROVEMENT 
IN THE SOUTH. 


By Chas. H. Scott,* C. E. 


While enjoying a vacation a few years ago, 
the writer was for a short time employed as 
supervisor of Public Roads for Warren Co., N. C. 
A road law specially enacted for the county had 
abclished entirely the old plan of ‘‘calling out 
the hands” to do free work on the roads, sub- 
stituting therefor a tax wn poll and property. 
This tax was very small, netting not quite $4,000 
per annum during the two years of my service. 
There were about 360 miles of roads to be cared 
for in a territozy of about 500 sq. miles Of this 
mileage a considerable percentage, of course, was 
not much used. Of the main roads, some parts, 
lying on sandy or gravelly surface, were never 
very bad. A large part of these roads, however, 
lay on a surface which was either wholly com- 
posed of clay, red or yellow, or of clay covered 
with a thin layer of light sandy loam which when 
not drained was easily cut through or washed off, 
exposing the clay. 

These parts of the roads in winter and in wet 
weather generally became unspeakably bad, the 
clay cutting up to a depth of from 1 to 2 feet, 
and some stretches of road becoming wholly im- 
passable. 

The very limited money available for road 
work led to a careful study of the conditions of 
the case, with the following results: 

It was observed that many parts of the roads 
which were always good had a surface covering 
of sand or gravel, often very thin, covering clays, 
red or yellow, beneath. Careful examination of 
the thickness and nature of this covering and its 
relation to the underlying clay disclosed several 
interesting and important facts. 

It was found that the covering of sand, gravel 
or sandy loam was often very thin, on sections of 
road that were hardly ever cut up or in bad 
order. In some cases, in which there was no 
noticeable deterioration of the roadway in seasons 
that were quite unfavorable, the sandy covering 
was not over an inch thick over a yellow and 
rather porous clay. It was also noted that an 
ordinary sandy loam, or “soil,” as it was com- 
monly called, often made as good a covering as 
any other—the varying fineness of its materials 
causing a closer packing. This appeared to make 
it superior to a fine sand of uniform grain, 
which was more apt to cut up when dry. 

Many parts of the roadway had alternate sec- 
tions of denuded clay and of sand or gravel sur- 
face, while others in which the clay was more 
generally exposed, had sand, or gravel, or sandy 
soil, nearby. It was determined to try the plan 
of shaping up the-clayey parts of the roads into 
a good surface, either by hand or machine, and 
then covering the roadway with the best materials 
procurable, by the use of wheel scrapers. This 
plan proved signally successful. 

Parts of the roadway thus repaired, which had 
been for years notoriously bad, and almost 
impassable during winter and wet seasons, 
have been so entirely changed in character 
that a team may be driven over them at a trot 
any day in the year. The material, when prop- 
erly selected and applied, has compacted into a 
firm, hard surface, which sheds water freely and 
rapidly, is dry soon after rainfalls, and is scarcely 
ever cut to any appreciable depth, and often 


*Box 201, Elkins, W. Va. 


hardly marked by the passage of vehicles even 
when heavily loaded. 

The writer has recently visited and inspect- 
ed some points at which this work was done 
four or five years ago, and found them still in 
admirable order, while he is assured by those in 
a position to know that only a very trifling 
amount of money has been expended on them 
in the interval of time mentioned. The results 
have been surprising even to the writer, although 
he hoped much for the work. Of the estimate 
placed on it by citizens generally, the accompany- 
ing letters* from an ex-county commissioner who 
has always taken a deep interest in such matters, 
and from a reputable physician, who has frequent 
occasion to pass to and fro over the work, will tes- 
tify. 

ROADWAY CROSS-SECTIONS AND MODE OF 
APPLYING COVERING. 

In Fig. 1, the lower line shows the shape which 
was given to the original clay roadbed. The rise in 
the center is made as light as will secure drainage, 


Fig. |. 


so that the greater rise necessarily given to the 
covering will not cause it to wash off in heavy 
rains. 

The covering is put on to a depth of from 3 to 
5 ins., when packed; of fairly uniform thickness, 
for a width of about 8 ft., thence tapering out to 
nothing in 2 or 3 ft. more; though sometimes 
under favorable circumstances, and on more used 
roads a little wider. Fig. 2 shows another section 
where the old road is wider. The dimensions of 
the improved part are the same as in Fig. 1, the 
unimproved part being shaped up and left for 
passing. In Fig. 1, the road is in a narrow cut, 
such as is often found on our older roads; the cuts 
being gradually made by washing, and often be- 
ing 10, 15, and even 20 ft. deep. Passing in these 
narrow places is often difficult and sometimes im- 
possible, one team having to turn out at a wider 
point and wait for the other. The clay in these 


Coveri'n, 


Fig.2. 


places, even where the hills are steep and drain- 
age good, from its affinity for water and its abil- 
ity to hold it like a cup, in every accidental abra- 
sion or depression, becomes gradually cut up to 
a depth of from 1 to 2 ft. The wear and tear on 
teams and vehicles becomes worse and worse un- 
til “turnouts” are resorted to, the roadway being 
temporarily diverted into the fields or woods along- 
side. Friction and contention with adjacent land- 
owners result. Sometimes a new roadway is 
bought, and the old one is finally abandoned. This 
is frequently the best way out of the difficulty. 

Merely shaping up a roadway in red or yellow 
clay, by machinery or hand, does little good, and 
the money is largely thrown away. The affinity 
of clay for water and its ability to retain it in 
every depression, easily made by animals and 
wheels when the clay is soft, causes it soon to cut 
up to indefinite depths. One of the worst pieces 
of road the writer has ever seen was a place in 
which the section was as shown in Fig. 3. It 
was in a clay varying from red to yellow and very 
soft. A natural drain, 3 or 4 ft. deep, had been 


*I am thoroughly convinced after five or six years ob- 
servation of the red hilis graveled under your direction 
while Superintendent of Roads of Warren county that it 
is by far the best and cheapest method that can be adopted 
with a limited amount of money. The hills on which you 
had gravel placed five or six years ago are now as good 
as or better than when the work was first done, and in 
many cases are now the best part of the road. 

Warrenton, N. C., Nov. 27, 1901, 


Your road work still remains in almost as good con- 
dition as when first done and in the meantime has re- 
quired very little repair. Only once has it been necessary 
to fill in a few ruts and breaks or washouts on the side of 
the roadbed. I have often blessed you when driving at a 
brisk gait instead of tugging through the mud, a foot 
deep, at a snail's pace. The same system, I am glad to 
say, has been used at several points in the county, very 
much to the benefit of the roads and comfort of the travel- 
ing public. The cost is a mere trifle compared with the 
benefits derived, and when the gravel is obtainable it is 
the cheapest and best road for the expenditure. 

Warrenton, N. C., Nov. 15, 1900. 


formed on each side by washing, and :) 
between was barely wide enough for . 
cles, and sloped naturally to either siq 
It was on a hill, too. Yet, notwiths:. 
apparently excellent drainage, this pla 
wet weather so as to become nearly 
passable, and wrecks were strewn al: 

A sandy loam will often make a 
when the proportion of sand is heavy : 


Fig. 3. 


of fine and coarse sand with a little er, 
cellent. A small amount of clay with : 
and sand not only does no harm, but by 
ing and cementing the other materia!- 
surface that sheds water perfectly, a; 
abrasion or depression. The use of gers 
cially coarse gravel, is strongly object 
ther north, where frosts are heavy, be: 
holding water in the form of ice and 
becoming cut up in the thaws of late 
early spring. I have especially noted : 
tions of the Supervisor of Roads in Onta 
ada, to gravel, on this account. This 
does not apply in the South, where 
not penetrate so deep, and the ground 
more rapidly. 

COST OF THE WORK. 

The actual cost of the work, even w!} 
under some drawbacks, has been re: 
small. With a gang of only two or thr: 
it has ranged from 12% to 15 cts. per | i 
of road, with a haul of about 400 yds : 
rather rough road, from a gravel pit off t 1 ' 
Only the common teams of the country w: sed ’ ‘ 
although they were light for such work 
experienced men handled the scrapers. Th | ‘ 
at the pit was plowed, and no snatch te. s : 
used in loading, making the loads a little : 1 
the average. 

With a larger gang of scrapers, say from fou) “ 
to six, the latter being probably the best 1 
and with experienced hands, the cost could 
duced. With the larger gang of scrapers, a < 
team could be profitably used, and the load 
creased. The loaded scrapers passing ov: } 
material already put out roll and pack it suff 
ciently. One man is kept on “the dum; 
point of unloading, to spread and level off the ma- , 
terial, with a common hoe. 

The clayey surface of the roadway may }!) 
viously prepared either with a road mai 
very preferably—or by hand. With a light ea: 
of scrapers on a long haul, it has been found that 
the “man on the dump” could do the work fairly 
well, scraping the clay from side to center and 
letting the scrapers pack it by passing over it 
before turning, as they were unloaded. This was 
in one of the lighter micaceous clays, in a rather 
damp condition. In the tougher clays, and in dry . 
weather, more labor would be required. : 

The cost, as shown, ranges from $220.0 to | 
$265.00 per mile of improved part of road, and as 
these improved parts are often detached, and a!- rq 
ternate with others not needing improvement, «x- 
cept ditching, the cost of making a wni- 
formly good road of a very bad and often almost 
impassable one, is thus reduced to $125.1) 1 
$150.00 per mile, in many instances. 

This is no fancy sketch, but is based on work 
actually done, the results of which are there t 
stay ard to be seen. ; 

This ought to encourage the poorest and feeblest 
communities, in which the physical conditions a 
at all similar to ours, to undertake the work of 
road improvement. It is not contended that t 
plan presented is adapted to all parts of 
country; but it is thought that it is well adap: 
to a great part of the South, including the south- 
ern and eastern parts of Virginia, the Carolin 
Georgia, Tennessee, Arkansas, and the states fu 
ther south. 

The wheel scraper plays an important part | 
the work. No. 2 scrapers are generally best ! 
the purpose. These can be bought for a moders 
amount, and worked either by teams bought an! 
kept for the purpose, or “hired in” from the su: 
rounding country; or by a combination of the tw 
some being regularly kept and others hired. 
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ad machine is @ desirable addition to the 
and should be used where practicable; but 
means are too small for it, good work can 
-en done without it. The writer earnestly 
that others may be induced to give the 
presented a full and fair trial; and will be 
to give further information to those inter- 
and in a position to put it to practical use. 


ODS OF REDUCING THE COST OF CONTRACTORS’ 
WORK ON ROAD CONSTRUCTION. 


By Halbert Powers Gillette.* 
Engineering News of Sept. 5 and Sept. 19 
the writer gave some suggestions concerning 
\ds which can be adopted by the engineer in 
ree to reduce the cost of macadam road con- 
tion. In the present article he wishes to set 
ch certain economies which the contractor for 

, work can adopt to reduce its cost. 
» the first place, if a contractor is to work with 
sonable economy he will require a considerable 
1 :. A crusner, steam roller, sprinkler, quarry 
and grading tools will cost, let us say, about $7,- 
ooo. This plant should evidently be kept busy 
many hours in the day as possible, to reduce 
fixed charges per cubic yard of macadam 

id. To this end two eight-hour shifts should 

worked. The cost of artificial light to enable 
is to be done is nominal, except toward the end 
the season. 

A crusher should not be purchased until, after 
etual trial extending over several] days, it has 
shown an output of at least 8 cu. yds. per hour. 
Few 9-in. xX 16-in. crushers will be found up to 
this standard. 

For supplying steam to the crusher-engine a 
large horizontal 20-HP. boiler on wheels should 
be used. It is false economy to employ a small 
12-HP. boiler, for it cannot furnish steam enough 
to run the crusher right along at tts full capacity. 
The engine should not be mounted upon the boiler, 
but should be entirely separate and bolted firmly 
to a well-made foundation; for the irregular ac- 
tion of crushing causes constant variation of 
speed in the engine; and even with a good govern- 
or, the engine may “run away” at times, and 
rack the boiler or loosen flues. The crusher should 
not be a light one with sheet steel sides, which 
sooner or later yield and cause undue wear of 
bearings; a substantial cast-iron or  cast-steel 
frame is to be preferred. It is of doubtful ad- 
vantage to have the crusher mounted on wheels; 
a heavy stone wagon with low trucks can be used 
to move the crusher, which should be seldom 
done, as the lost time of moving will more than 
counterbalance extra cost of hauling stone in 
most cases. 


A pit should be dug in which to set the crusher, 
the excavated earth being so placed as to divert 
surface rain water; then cover the whole pit and 
crusher with a platform that will shed rain as 
Well as receive the stone dumped. By placing the 
crusher in a pit, the crusher platform may be 
made low and thus render the ascent for horses 
and men easy. 

The elevator which hoists the broken stone from 
the crusher to the screens usually causes more 
breakdowns than any other part of the plant. If 
a sprocket chain is used to drive the elevator, see 
that it is loose and not taut. The elevator which 
gives least trouble by breakdowns and clogging 
is ap endless rubber belt. The only obtection 
to it is that it cannot have a rise greater than 
about 1 in 2 or 2%, which necessitates consider- 
able length of elevator. The cost of extra length 
is quickly made up, however, by saving in lost 
time. 


The bins should be large and substantial, capa- 
ble of holding at least 3 hours’ crusher product. 
They should have bottoms sloping 1 ‘to 1 and lined 
with sheet iron. The chutes may be small sheet 
iron affairs projecting from the face of the bin, 
and pivoted so that they can be raised after fill- 
ing the wagon. Large, heavy wooden chutes or 
doors are difficult to handle and cause loss of time 
in loading. A wagon can be loaded by the driver 
in little more than 114 minutes if bins and chutes 


it takes 6 minutes to load, which is not infre- 
quent with flat-bottomed bins and heavy wooden 
chutes, and there are 10 teams to be loaded be- 
ginning in the morning, the last team will not 
get away until an hour after the first. To guari 
against wasted time, provide each teamster daily 
with a time card, such as shown, and give toa 
man in charge at the bins and to the man at the 
dump on the road, a conductor’s punch, so that 
the time of departure at each end of the haul 
may be punched on the card. An average of 2% 
miles an hour, or 220 ft. a minute on the trip 


Team Day 
6] 0] 5] 10] 15] 20] 25/30] 35 [40] 45150] 55 | 
| | it 
10 | | 
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4 + + | 4 
Length of Havl...,........ 


Team Time Card. 


Note.—The diamond-shaped punch shows that the team 
started on its trip at 7.05. The cross-shaped punch shows 
that it started to return at 8.20. 


should be maintained. I saved 25% in the cost of 
hauling alone by adopting the method described. 

The crusher should not be located down in the 
quarry, but up where the teams will have no steep 
ascent for the heavy loads of crushed stone. The 
quarried stone can then be delivered in small one- 
horse dump carts, directly upon the crusher plat- 
form. In building the road, instead of beginning 
at the end of the road farthest from the crusher 
and working back toward the crusher, as is so 
often done and even specified,* begin nearest the 
crusher and work away from it; thus the teams 
haul over it right up to the section in process of 
construction, where for a short distance only they 
will have a hard pull over soft earth. A “‘snatch- 
horse” with a boy driver may be necessary to help 
the team this short distance. The advantage of 
this method is that instead of a load of only 1% 
cu. yds., a team can haul 214 or 3 cu. yds. of stone 
the whole distance. Even where the macadam 
consists of a course of 4 ins. of local stone and 2 
ins. of trap, the teams may haul over the local 
stone as soon as it has been rolled, and it need 
not be picked up or “scratched” afterward fo ena- 
ble the two courses to bind together, as engineers 
seem to have supposed necessary. I have laid 2 
ins. of trap directly upon a hard 4-in. course of 
limestone that had been traveled over for weeks; 
I rolled and bound the trap without scratch- 
ing the lower course, and after two years the trap 
shows no signs of scaling off, as every one pre- 
dicted it would. With one team I have hauled 
4 cu. yds. of broken stone up a 5% grade, where 
it had been all a team could do to haul 1% cu. yds. 
before the road was paved. 


In dumping and spreading the stone, it is well 
to own about three or four patent dump wagons 
to be used on short hauls; but after the haul be- 
comes a half a mile or more, the common slat- 
bottom wagons are just as economical. It will 
take a man to assist the driver in dumping; and 
5 minutes may be allowed per load, which gives 
the team a little needed rest on long hauls. Each 
load may be dumped in 3 piies, the dump man 
being instructed as to the number of loads to be 
dumped per station. At intervals of two or three 
hours hitch one of the sprinkler teams to a Shuart 
grader, and in a few minutes the blade of the 
grader will spread it quite well, so that the dump 
man using a potato hook may quickly complete 
the spreading. With team and driver at 35 cts. 
and labor at 15 cts. an hour, the cost of spread- 
ing with the grader is 1 ct. a cu. yd., and com- 
pleting the spreading with a potato hook costs 


*The improvement shall be started at that end of the 
road furthest from the source of supply of the broken 
stone, (N. Y. State Specifications.) 


another cent; total, 2 cts. a cu. yd. of loose ma- 
terial. The last N. Y. State Engineers’ Report 
shows the actual cost to contractors to have been 
10 or 12 cts. a cu. yd. for spreading done entirely 
by hand. This is somewhat higher than the 
writer’s experience for hand-work, but it shows 
the possibility of a most decided saving 

In rolling use soft coal, as it is cheaper than 
anthracite, and see that the engineer runs the 
roller with the high-speed gear If the water 
tank is too small to run four hours have it en- 
larged; for it should be filled only during meal 
hours. Provide a large pipe and hose from the 
sprinkler so that filling may be quickly done. 

The water for sprinkling should be pumped up 
into a small stationary tank as near the level of 
the road as possible, a small gasoline engine serv 
ing well for this purpose, since it does not re 
quire an engineer. One contractor I know saved 
greatly in cost of hauling water for sprinkling 
by sinking small wells with a cheap borer at short 
intervals, from which by a gasoline engine he 
drew his supply of water. Nothing so greatly re 
duces the amount of rolling necessary as an 
abundance of water; for, instead of the slow 
method of jarring the screenings dawn into the 
voids with the roller, the water washes them in 
quickly if supplied in torrents Take a_ short 
section of the road, say 100 ft. long, and go back 
and forth over it with the sprinkler until it is 
fairly flooded, then follow a few times over it with 
the roller to iron it out and the work is done, In 
the first place, of course, the loose stone must 
have been rolled until not easily displaced, even by 
a broad-tired wagon passing over it, before the 
screenings are spread; then spread the screenings 
with shovels, either from piles previously dumped 
alongside the road, or directly from a wagon 
driven over the as yet unbound macadam; then 
roll a few times and finally flood with water as 
above described. It is possible to puddie as de 
scribed with 4 cu. ft. of water per cu. yd. of mac- 
adam. Some engineers compel the contractor to 
puddle and roll until no bare spot as large as the 
hand can be found. In this way, four or five 
times as much water as is really necessary may 
be consumed. These engineers forget that wagons 
were the only rollers, and the clouds the only 
sprinklers used by Macadam. 

A good macadam pavement can be built in many 
ways; with little water or with much; with coarse 
stone or with fine; with screenings, and in some 
cases with none; but in every case there is some 
method that is more economical than the others 
and the engineer should always have in mind, not 
alone the building of a good road, but a cheap 
road. I recall the reply that a “road expert” 
made when it was pointed out that a certain spec 
ification would add greatly to the cost. He said: 
“We are building good roads, and the State is 
going to get good roads no matter what they cost, 
so long as I have anything to say in the matter.” 
I fear that such has been too often the policy of 
engineers employed by States and municipalities 

The sole criterion in road-building should be 
the sum of the cost of maintenance and interest 
on the investment. The engineer is never justi- 
fied in designing a road wherein the aforesaid 
sum will be increased. Moreover, he should not 
merely guess that the increased interest cost is 
counterbalanced by reduced maintenance cost—he 
shoild base his estimate on actual experience? 
and if there is no record in dollars and cents, he 
will seldom err in adopting the cheapest form of 
construction. It is remarkable how durable some 
macadam roads are, when, according to all text- 
book writers, they should fail miserably. 


CONCRETE-STEEL ARCH Y-BRIDGE AT ZANESVILLE, 0. 


The new bridge recently completed across the 
Muskingum and Licking rivers at Zanesville, ©., 
is peculiar in that it is Y-shaped in plan. One 
arm, with three spans, extends from the east bank 
of the Muskingum River to a pier of triangular 
form fronting the mouth of the Licking River. 
From this pier two arms of three and two spans 
extend north and west to the banks of the Licking 
River. 

This concrete-steel bridge is the fourth bridge 
built upon the same site. In 1812 the State legis- 
lature granted a charter to Moses Dillon and 
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: others to build “a bridge across the Muskingum _ bids, which included a very large number of different ft. in length and the other 99 ft., the north 
River opposite the foot of Main St. in Zanesville, of of The r 
we ” steel, several forms of ordinar center 0 e bridge is about ft. higher, 
it and also a branch across the Licking River.” This at the Sines tds 
first bridge is said to have been an uncovered and with various lengths of span and forms of arch. It level on the east arm about half way, and ¢ 
wooden structure, and to have failed after four was then decided that some form of concrete-steel arch at 3% to the abutment. There are two de 
years. In 1818-19 a new bridge was built under = .noula be adopted, and after looking over the ground it dients on the west arm, the maximum being 
the direction of Mr. Wickham, an architect. The was finally decided that the bid of the American Bridge north arm a 5% grade extends nearly the en: 
portion across the Muskingum had wooden trusses (Co., as presented by the Berlin Iron Bridge Co.’s office, In constructing the bridge it was deemed }. 
with stiffening arches and was covered. This was the best and lowest bid, all things considered. This facility of construction and for appearance, | 
architectural details materially, and the pr 
Dowels bet 76° ance of the structure is quite different from 
_Arichors or Dowels Wall Panels Grade 3% + submitted by the contractors with their bia 
is simple but massive and dignified in its 
2 acess harmonizes very well with the surroundings. 
The foundations for the piers rest on solid 
which has been found by actual core drill tes: 
Plate, px2*200 for a depth of at least 25 ft. This rock sur: 
t Radia! Lines in a = ¥ mediately on the bed of the river, there being 
Concreting was done, 490k" 4h The river, moreover, at the ordinary stage, 
f fast 5044 2 ft. to 4 ft. deep, and these conditions combin: 
Span, leeb the problem of foundations an unusually simp! 
Work was actually commenced on the stru:: 
October, 1900. During the fall and early win. 
| tions for four piers were constructed and the 
pleted above ordinary high water level. The : 
FIG. 3. PROPORTIONS OF ARCH OF 122-FT. SPAN, 11.5-FT. RISE. of a fifth pier were attempted, but owing to 
bridge is said to have been condemned and taken design was essentially the work of Mr. E. J. Landor, M. yas ant unexpected conditions, practically no 
was made on it. During that winter and the ;« 
down in 1880. A majority of the stock in the Am. Soc. C. E., at that time Engineer of the Wrought ge 
; Iron Bridge Co., of Canton, O. rf) 901 not very much effective work could | 
bridge company had been acquired by the firm The arch curves adopted by Mr. Landor were fiat plished on account of severe weather and high » 
of E. Buckingham & Co., and Mr, Buckingham ellipses, some of the arches being completely semt-elliptic about June 1, 1901, operations progressed mor 
soon commenced the construction of a third nq others segmental curves. The form of construction "4 were then pushed steadily to completion. 
bridge. He was killed by the fall of one of the was the Thacher patent, consisting of concrete arch rings In taking down the middle pier the rematis of 
uncompleted spans, caused by a flood carrying in which are embedded steel bars of about % x 5 ins. and smaller pier of earlier date were found 
away the falsework. This bridge, built in 1831-32, cross-section, in which are driven rivets to increase the other evidences of earlier bridges were dis 
was a covered wooden bridge, with Burr trusses Sor the new plore. 
on sandstone piers, and was described and illus- In regard to the general design of the | 
trated in our issues of Jan. 25 and Feb. 15, 1900. // Mr. Landor, who is now with the Dominio: g 
The old bridge was in continuous service for 68 | & Iron Co., at Montreal, sends us the fo & 
years with but few repairs until nearly the close / communication: | 
of its career, but when the running of electric The Osborn Co.’s general specifications for + rk ¥e 
+ cars over the structure was commenced (early in were modified or supplemented for the particula: 
tion. In December, 1899, the Osborn Engineering 21, 1899, which 
: Co., of Cleveland, O., made an examination of the real basis for the design. The stress diagrams w: j ‘3 
tea structure, and as‘a result of the dangerous weak- pared by myself, ably assisted by Mr. F. E. Ba 1 Bi . 
nesses discovered the bridge was closed to traffic. that time one of my assistants as Engineer of the Wo» ict: a " 
By special vote, taken according to law, Muskin- Iron Bridge Co., of Canton, O. The method used \ t . 4 5 
gum county was bonded to pay for a new bridge, of Prof. Cain as given in his ‘‘Theory of Solid ani . ‘ 
and the Osborn Engineering Co. was retained by Elastic Arches” (Van Nostrand Science Series), 10difie: . 
the County Commissioners to carry on the engi- in some slight particulars by methods given by Prof. Bur : t 
; neering work, and this company has furnished us in his ‘Stresses in Bridges and Roofs;"’ in fact, th 3 t 


method used by Mr. Thacher in his various compu! 


with the following particulars as to the history 


and general construction of this new structure, 


The limitations between waterway and grade line wer 3 : 

which was noted in our issue of Nov. 28, 1901. so small that exceptionally shallow arches had to ; 4 

i A view of the new bridge, practically completed, used. With a view to fixing maximum waterway, e!/\pticc . 
i is shown in Fig. 1, while Fig. 2 is a general draw- contours were decided upon, but after examination it wi 


ing showing the span and size of the arches, etc.: 


Elevations. 


Electric Light Conduit 


Gravel-and 

Cross Section at Crown ‘of Arch, Enlarged. 

FIG. 2. PLAN, ELEVATION AND SECTION OF Y-BRIDGE AT ZANESVILLE, O. 


Under specific instructions from the county, no detail grip in the concrete, the steel bars being placed in two found that only sections of semi-ellipses could be us: 
designs were prepared, it being desired that competition layers about 2 ins. from the intrados and the extrados of order not to curtail what we may perhaps term the ef: 
should be entirely free and open as regarded design, both the arch ring respectively, and the bars of each layer tive depth or spring of the arch. Therefore, excep’ 
in detail and in general form, and even as regarded the about 3 ft. apart horizontally. The architectural details one or two spans adjacent to the Y pier, the major 
nature of the structure itself, whether of concrete or as submitted in the bid were drawn by an architect for of the ellipse did not coincide with a line joining | 
steel. This was done principally because of differences of Mr. Landor. spring lines on the pier, but was always below su: 
popular opinion in the county regarding nature of the The bridge as constructed consists of three arms, located line. My recollection is that this distance was at 
structure desired from an aesthetic point and the amount as nearly as practicable on the same site as the old struc- 4% ft. 
of money to be spent on the work. In response to the ture, the east arm consisting of three spans, each 122 ft. The beautiful design that ws submitted with the » ' 


invitation, 14 different companies submitted 64 different in length, the west arm consisting of two spans, one 122 as regards all but the number, lengths and rise of {hs 
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was supplied by Mr. R. Rosenstock, at that time 
-dway & Co., Architects, of Cleveland, 0. Al- 
the construction wide departure was made from 
es of Mr. Rosenstock’s design, his design never- 
4 much to do with creating popular sentiment in 
she accepted bid for this bridge. Personally, -I 
the special features of the design were not more 
ihered to in the construction. 


together with steel anchor rods or dowels, as 
shown in Figs. 3 and 4. The thickness at the 
crown of the arches ranges from 18 ins. for the 
81-ft. arches to 30 ins. for those of 122-ft. span. 
The thickness increases towards the haunches. 
The spandrel walls, Fig. 4, are 15 ins. thick at 
the top, and increase in thickness toward the bot- 


FIG. 1. GENERAL VIEW OF THE Y-BRIDGE AT ZANESVILLE, O. 
F. J. Landor, M. Am. Soc. C. E., Designing Engineer; Montreal, Canada. 
Osborn Engineering Co., Engineers for Muskingum County, Cleveland, O. 
American Bridge Co., Contractors, New York, N. Y.Bates & Rogers, Subcontractors, Chicago, Ill. 


After work had been commenced and some of 
the piers built, the American Bridge Co. came to 
the conelusion that it did not desire to undertake 
this class of work, and in August, 1901, the con- 
tract was sublet to the Bates & Rogers Construc- 
‘tion Co., 1208 Manhattan Building, Chicago, which 
firm makes a specialty of concrete work. To the 
members of this firm we are indebted for photo- 
sraphs and for much information respecting the 
construction. 

Although the number of spans is the same as in 
the old bridge, the lengths of the spans are not 
the same, so that the positions of the piers do not 
exactly coincide with those of the old bridge. The 
piers have a concrete core, with a facing of local 
sandstone. Those of the east and west arms are 
ll ft. wide under the coping, while those of the 
north arm are 8 ft. wide. The center pier is tri- 


Fig. 5. Steel Bars in Position to be Embedded in 
Concrete Arch. 

(Showing also the transverse bulkheads or forms separat- 
ing the arch into seetions for concreting. The planks 
on the fave of the bulkheads are to form grooves for 
keying the arch sections together.) ’ 

angular, in order to form the skewbacks for the 

three arms. The arches are quite flat, as shown 

by the following table, and Fig. 3 shows the pro- 

portions of the east end arch, No. 1: 


Span, Rise, Span, Rise, 
ft. ft. 


Arch No. 1.....122 11.5 Arch No. 5..... 9 6. 

Arch No. 2.....122 14.6 Arch No. 6..... 81 14.6 
Arch No, 3.....122 14.6 Arch No. 7..... 81 10.85 
Arch No. 4.....120.6 11.5 Arch No. 8..... 81 6.06 


The arches were built first and the spandrel 
walls later, the arches and spandrels being tied 


tom, as shown in the section, Fig. 4. Each arch 
has 15 pairs of steel bars “4-in. thick, and 
of varying width; 3 ins. for the Sl-ft. span, 4% 
ins. for others, and 5 ins. for the 122-ft. spans 
The bars of each pair are about 2 ins. from the 
intrados and extrados, respectively, of the arch; 
and are not connected with each other. The bars 
are about 36 ins. apart c. to c., laterally. Each 
bar has rivets driven in it at Sins. pitch, to form 
a bond with the concrete, and the lengths are con- 
nected by double splice plates and six rivets. 
The bars of adjacent arches are made continuous 
over the piers, and the ends are simply embedded 
in the concrete skewbacks of the abutments and 
the center pier. These bars were supported by 
stakes and blocking during the depositing of the 
concrete, and are shown in position in Fig. 5. 

The arch centers were of oak stringers 6 x 14 
ins., and pine 8 x 14 ins.; these were laid on edge, 
30 ins. apart, and supported by timber trestling, 
Fig. 6. On the centers was laid the lagging, con- 
sisting of Norway pine sticks, 2 x 4 ins., 2 x 6 
ins. and 2 x 8 ins., dressed and matched. The 
forms for the spandrel walls were of tongued 
and grooved pine plank, planed and dressed, and 
carefully fitted. Fig. 7 shows the centering in 
place for one of the arches, with the form for the 
spandrel walls. It also shows one of the old piers 
and wooden spans in course of removal. The forms 
for the parapet walls were made in separate 
panels, which could be moved from place to place 
as required. The panels were 10 ft. long, joints 
being left between the 10-ft. lengths of the wall, 
and horizontal dowels inserted in the concrete to 
hold the lengths in line. 

The arch concrete was composed of 1 part Port- 
land cement to 2 parts of stone and 4 parts of 
sand. The cement was furnished by the Dia- 
mond Portland Cement Co., of Cleveland, O. A 
considerable amount of the concrete was made 
with a good quality of gravel which contained al- 
most exactly the required proportions of stone 
and sand; broken stone or sand being added as 
required to maintain the required proportion of 
the constituents. A local stone was used, while 
the gravel and sand were brought from Trinway, 
O. The concrete in the piers and spandrels was 
mixed in proportions determined from time to 
time by the engiheers. The materials for the 
arches were measured in boxes, and mixed in ro- 
tary tilting drum continuous mixing machines 
made by the T. L. Smith Co., of Milwaukee, Wis. 


(Eng. News, May 2, 1901). Two mixers were 
used,one of 4% cu. yd. capacity, driven by a steam 
engine; and the other of 44 cu. yd. capacity, 
driven by a gasoline engine, as shown in Fig. 8 
The concrete was mixed moderately wet, and 
conveyed to the work in wheelbarrows. The arches 
were built in transverse sections 10 ft. long and 
extending the full width of the arch, 43 ft. A 
plank 3 « 8 ins. was spiked against the outer 
end of the form of each section, leaving a groove 
to be filled by the fresh concrete of the next sec- 
tion, and so bonding the sections together. This 
is shown in Fig. 5. The lagging was covered with 
about 1 in. of cement mortar, and upon this the 
concrete was deposited, being rammed until wate 
showed on the surface The faces of the forms 
of the arch rings, walls, etc., were covered with a 
concrete made with fine broken stone, behina 
Which was deposited the ordinary econerete, th: 
stone being worked back by a spade. The concret: 
of the arches was allowed to set for 28 days before 
the centers were removed. No final treatment in 
the shape of plastering with cement or dressing 
with wire brushes to remove the marks of th: 


forms has been done, but all exposed surfaces 
were worked with La Farge cement to bring them 
to a uniform color. 

As shown in the cross-section in Fig. 2. th 
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Fig. 4. Section of Spandrel Wall 
and Parapet. 


bridge is 43 ft. wide over the arches, and 42 ft 
between the parapet walls, this width comprising 
a 30-ft. roadway and two 6-ft. sidewalks. The 
upper surface of the arch is coated with an as- 
phalt waterproof composition, and the space be- 
tween the arch and the spandrel .walis is filied 
with sand and gravel, consolidated by flooding 
In this filling are laid a gas main and electric 
light conduit under one sidewalk, and a telephone 
conduit under the other sidewalk. Under the road- 
way the filling is formed with a crown of 8 ins. 
and covered with 6 ins. of concrete. On this is a 
l-in. cushion bed of sand for the 4-in. brick pav- 


ing. The sidewalks are 6 ins. thick, with 4 ins.- 
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of ordinary concrete, 14% ins. of fine concrete and 
14-in. mortar surface. A street railway track with 
4-in. rails is laid in each roadway, the three tracks 
being connected by a Yon the center pier, and each 
track having its rails bolted to steel channel ties 
embedded in the concrete foundation. The para- 
pet walls, 3 ft. 6 ins. high and 6 ins. thick, were 
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Fig. 6. Arch Centering. 


built in place after the completion of the arches, 
vertical anchor bolts being left projecting from 
the upper surface of the spandrel walls to form 
a bond with the parapets. The cornice moldings, 
however, were made separately in blocks 5 ft. 
loag, and set in place with mortar. Fig. 9 shows 
the setting of the cornice blocks, and the verti- 
cal anchor rods to secure these blocks and bond 
with the parapet wall to be built upon the blocks, 
as shown in Fig. 4. The holes around the rods 
are filled with cement. The parapets form recesses 
over the columns surmounting the center pier, and 
one of these recesses is fitted with a seat. 

The last arch was completed in November, and 
the bridge was ready for traffic on Jan. 4, but the 
falsework and old masonry piers were not cleared 
away until the end of January. 

in this connection mention may be made of a 
V-shaped bridge across the river Danube at Buda- 
pest, Hungary; the angle is very flat, and each 
arm consists of three iron deck spans with arch 
ribs. There is also an X-shaped bridge over the 
river Sarthe, at Mans, France, with spans of 10 
to 55 ft., each consisting of a pair of plate girders 
(} ft. apart. The bridge is about 13 ft. wide over 
the parapet wails, one arm carrying a steam tram- 
wa: ard the other an electric railway, the tracks 
intersecting over the center pier. 


LOADING FREIGHT CARS TO THEIR FULL CAPACITY" 


At the meeting of the Railway Transportation 
Association in Chicago, in January, one of the 
subjects discussed was the loading of freight cars 
to their full capacity. This subject had been as- 
signed to a committee, which, however, had no 
report to present, but the chairman of the com- 


Fig. 8. Concrete Mixing Plant at the Zanesville 
Bridge. 


mittee made a statement on the matter which 
showed some rather curious practices in car load- 
ing, and led to an interesting discussion, of which 
we give an abstract: 

Mr. C. B. Adams (Wabash R. R.).—In following the 
light loading on the Wabash R. R., I have found that there 


is only one way to secure results, and that is by following 
very closely each individual car. The results so far are 
very gratifying, and our increased loading has repaid us 
for our trouble and expense many. times over. 

I have had cases where shippers at one point claimed 
that they could not load heavier, while shippers of the 
same commodity at other points were loading 5 and 10 tons 
heavier. With such evidence I find you can generally 
bring the other fellow up on his loading. There are sev- 
eral commodities that I know can be loaded heavier. Sugar 
is one of them; 100 barrels or 400 bags is considered, 
commercially, a carload of sugar. There is no good reason 
why 150 barrels or 600 bags should not be established as 
a carload. Shippers will tell you that they cannot load 
this amount, that the cooperage will not stand it; but it 
will, and we know that bags will stand tiering. The 
cooperage is not the trouble; they do not want to change 
the old custom, and as they are protected by the minimum 
fixed by the traffic associations, there is no object for the 
shipper to get out of the old rut. In consequence, we are 
running cars half loaded. 

Glucose can be loaded 40,000 to 50,000 Ibs. We followed 
up the light loading of this commodity and secured con- 
sent of one large concern to load 20 tons and over; in fact, 
they stated it would be agreeable to them to have the 
minimum raised to 20 tons. 

The loading of flour can be considerably increased, both 


total weights, and the average in tons per car 

modities loaded at each station. That we send 
superintendents and trainmasters, and we als 
to the attention of the shippers as much as — 

Mr. C. R. Gray (St. L. & S. F. Ry.).—I hay 
white lead. Somebody has explained that 32.709 
commercial carload. The patrons of a smelter o 
will order a carload lot, and we will set a 60,000 
and an 80,000-Ib. car in the plant and we will zg 
Ibs. of load each. The only concession I have 
able to get is, that if we will invariably furnis} 
Ib. cars when they have an order for two cars 
placed in one. 

Mr. D, Crombie (Pere Marquette R. R.).—Ther 
element that interferes more with economical tra 
tion and economical car service than classificatior 
perceived more and more that arbitrary restrictio 
what constitutes a carload interferes with our ab 
load our cars heavily. During the car famines w. 
been experiencing of late we have been obliged to 
two cars for about the cheapest commodity we | 
when one car would have handled the load; in fa 
would have preferred to put that one car in use fc 
other freight. You cannot afford to antagonize an {; 
which is on your line. If they want that car to ca: 
barrels of flour, you have to give it to them. The: 
trade term that makes a carload of beans 32,004) |} 


FIG. 7. ARCH CENTERING AND FORMS 


barreled and bagged, except perhaps in paper sacks. We 
know that we can increase this loading, because we find 
in many cases it is loaded to capacity, and in some cases 
they want to load 35 tons. The question arises why all 
shipments of flour are not loaded to capacity? Because 
there is a low minimum; because there is an old custom 
that so many barrels or bags constitute a carload; re- 
ceivers and distributors have been educated to so many 
packages in a car; their wareroom space or their trade 
takes just this number of packages, and the railways go 
on hauling half loads. 

Grain shippers on our road have fallen into line, and 
are loading grain 10%, above capacity. It is the exception 
rather than the rule when we find a car loaded below 
capacity; even oats are being loaded 30 tons in our stand- 
ard cars. 


If there is any commodity that can and should load to 
capacity it is brick and clay; yet I saw the other day a re- 
monstrance from a number of large brick and clay con- 
cerns protesting against raising the minimum on these 
commodities. They still adhere to the old custom of 30000 
Ibs.; half loads. 

Railways have gone to an enormous expense in building 
heavy-capacity cars in order to be able to meet the re- 
duced rates of transportation. Are we to stand back and 
see the money placed in large cars wasted and continue to 
permit hauling cars half loaded? I think not. 


Mr. F. S. Rawlins (Kansas City Southern Ry.).—We find 
the most convenient blanks to keep track of loading are 
the daily reports made by the agents at the scale stations 
The agent at each scale station makes a daily report to 
the auditor of all cars weighed. We have a report made to 
us, a duplicate of the report made to the auditor, with an 
additional column showing the capacity of the cars. So 
we inspect daily the weighing of all freight, which prac- 
tically means all that is loaded. Then I take up each 
case of light loading at the station where it is loaded and 
see if we cannot improve upon it. In addition to that we 
make out a monthly report showing the number of cars 
of each commodity loaded at each station on the road, the 


FOR ARCH RING AND SPANDREL. 


200 bags. A shipper in Michigan may have two carloads 
of beans to ship to the same consignee in St. Louis, yet 
they decline to load the two cars into one (although | 
can supply one car that will carry the double load), be- 
cause the commission man in St. Louis wishes to dispose 
of it in single ‘‘carloads.”’ 

Mr. C. B. Adams (Wabash R, R.).—I think this associa- 
tion should take hold of the matter and by practical 
tests ascertain what the standard box car will carry. Let 
our experiments continue over a period of 60 days. Then 
we will be in position to go to the traffic officials and say, 
“‘Gentlemen, you should raise the minimum on these com- 


Fig. 9. Setting Concrete Cornice Blocks in Place. 
modities; we are not asking for something impractical; 
here are the facts and figures; we have practically de- 
monstrated what can be done.’’ 

Since the above was in type, the Official Classi- 
fication Committee has announced increases in the 
minimum carload rates on grains and grain prod- 
ucts, to take effect on April 1. The increase 
amounts to 5,000 Ibs. or more in each case. 
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